AD  7 1  5  4  3  7 


ER-9703-8 


CLEANING  AND  CHEMICAL  TREATMENT  OF  AIRCRAFT  SURFACES 
TO  PROVIDE  OPTIMUM  CLEANING  PROPERTIES 

Final  Summary  Report 
(23  October  1967  to  23  October  1970; 


October  1970 


by 

R.  N.  Miller 
F.  T,  Humphrey 
A.  Bieich 


Prepared  Under  Contract  N00019-68-C-0017 


-  .  , 


Ini  KC 15  m  jjil 

UOlSGasU  u  uVi1 


for 


Naval  Air  Systems  Commend 
Deportment  of  the  Navy 


by 


Lockheed-Georgia  Company 
A  Division  of  Lockheed  Aircraft  Corporation 
Marietta,  Georgia 


kcprodvKo4  by 

NATIONAL  TECHNICAL 
INFORMATION  SERVICE 

SpovfeW.  Va  JJ15! 


-  .4  V-A  -.  -—-T 


ER-9703-3 


CLEANING  AND  CHEMICAL  TREATMENT  OF  AIRCRAFT  SURFACES 
TO  PROVIDE  OPTIMUM  COATING  PROPERTIES 


final  Sunwiaiy  Report 
(23  October  1967  to  23  October  T  970} 


October  ’970 


R.  N.  Miller 
F .  T .  Humphrey 
A.  Bieich 


Prepared  Urider  Contract  NOOOi  9-68-C-OOi 7 


Naval  Aii  Systems  Comrrand 
Department  of  the  Navy 


Lockheed-Georgic  Company 
A  Division  of  Lockheed  Aircraft  Corporation 
Marietta,  Georgia 


Thihb/wafit  it  suKe^V tfr>sp&*tol  .*m*rk  cp^U^n^-^pch^-ansc^tto^ 
to  Ufflpgf  g&'/ertimwts  «  «t^i?noWma|^cepfed^2nly  yfthttHe  \ 

|irfor  opprovetf  of  thv Co^pnariBerV Natfel  Air  Systems'Combrond . 


ryM»rui/Vhf\ 

ruRCtr^Ru 


This  report  wcs  prepored  by  the  Materials  Science1;  Reseorch  Laboratory,  Lockheed- 
Georgio  Company,  Morietto,  Georgia,  for  the  Novai  Air  Systems  Command,  Department 
of  the  Navy,  under  Contract  N00019-6S-C-0017. 

The  work  was  administered  by  the  Nave!  Air  Systems  Command,  with  Mr.  A  M.  Malloy 
and  Mr.  T.  A.  Johnston  serving  as  Project  Engineer*. 

The  Principal  Investigator  was  Dr.  R.  N.  Miller.  The  laboratory  phase  of  the  p.  ..gurn  was 
conducted  in  the  Materials  Sciences  Division  of  the  Lockheed  Georgia  R<-aearch  Laboratory 
under  the  surveillance  of  Associate  Director  E.  E.  Underwood.  F.  T.  Hun:,-!*. 'ey, 

R.  Ridley,  and  T.  Phillips  performed  the  laboratory  evaluation  of  the  experimental 
cleaning  procedures.  J .  C.  George  and  A.  Rleich  directed  and  conducted  the  Lockheed- 
Califorrsio  portion  of  the  program. 

The  accomplishments  of  this  program  largely  resulted  from  the  cooperation  of  the  following 
individuals*.  Commander  J .  T.  Waller,  K.vy  Plant  Representative,  Lockheed-Califomia; 
Captoin  Ripa,  Aircraft  Maintenance  Officer,  Marine  Corps  Air  Station,  El  Toro, 
California;  G.  A.  Garber,  Air  Force  Plcnt  Representative,  Lockheed-Georgia;  P.  De 
Keies,  Manager  of  Planning  and  Scheduling  Department,  Lockheed-Califomia; 

E.  Maxwell,  C-141  °ainf  and  Trim  Department.  Lockheed-Georgia;  Major  John  Masters. 
Head  Maintenance  Officer,  Futemo  Air  Base,  Okinawa;  and  O.  E.  Pratt,  Jr.,  Lockheed 
Field  Service  Representative,  Futemo,  Okinowa. 

Appreciation  and  recognition  are  extended  to  Captain  Y/aitt  of  El  Toro  Marine  Corps  Air 
Station,  and  to  John  Bradshaw  for  arranging  the  final  inspection  of  C-13G  Aircraft  No. 
150685.  The  final  inspection  of  P-3  Aircraf.  No.  5286  w at  mode  possible  by  the  efforts  of 
Squadron  Leader  L.  Bunn  end  Squadron  Leader  R.  Hewirt-Cook  of  the  Australian  Embassy 
in  Washington,  D.C.,  ond  Squadron  Leader  Jack.  Roe  of  the  Australian  Air  Force  Base  at 
Edinboraugh,  Australia. 

This  final  report  summarizes  the  progress  on  the  conrract  for  the  36-month  period  from 
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'final  results  are  presented  of  a  program  to  develop  improved  methods  of  cleaning  aircraft 
surfaces  prior  to  painting. 

The  first  objective  of  the  program  was  met  by  the  development  of  c  simple  and  accurate 
method  for  determining  the  degree  of  cleanliness  of  surfaces.  It  consists,  essentially,  of 
placing  5-mrcroliter  drops  of  distilled  water  on  the  test  surface,  measuring  the  drop  diameter, 
and  converting  the  drop  diameter  to  a  quantitative  value  of  surface  energy. 

Nine  cleaning  procedures  were  evaluated  by  means  of  radioisotope,  surface  energy, 
hydrogen  embrittlement,  ond  coating  adhesion  tests.  The  best  two  procedures  were  applied 
to  a  C-130  ot  Lockheed-Gecrgia  and  to  a  P-3  aircraft  ct  Lockheed -California  before  the 
final  epoxy-polyamide  paint  system  was  applied. 

The  C-130  aircraft  was  inspected  after  approximately  6  and  14  months  of  South  Pacific 
service.  The  P-3  aircraft  was  inspected  6  and  21  months  after  it  was  painted.  The  inspec¬ 
tion  results  indicate  that  both  of  the  experimental  cleaning  procedures  were  effective  in 
providing  a  durable  bond  between  the  epoxy-polyamiae  paint  system  and  the  aluminum 
substrate. 

Five  hand-peelable  and  five  alkaline-removable  coatings  were  evaluated  for  their  ability 
to  protect  clean  surfaces  from  contamination  .  The  strippabie  coatings  which  gave  the  best 
results  in  laboratory  tests  were-  applied  to  P-3  fuselage  panels.  Hand-strippable  coating 
No.  14^  provided  good  protection  for  the  panels  during  chemical  cleaning  and  during 
drilling,  countersinking,  end  riveting  operations.  Chemically  sirippoble  coating  No.  11 
provided  good  protection  for  the  panels  during  the  drilling,  countersinking,  and  riveting 
steps . 
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*Strippable  coatings  are  identified  in  Appendix  A. 
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SUMMARY 


Bosic  Study  of  Surface  Cleonliness 

A  relicble  and  simple  method  of  determining  the  degree  of  cleanliness  of  aircrcft  surfaces 
was  developed.  Essentially,  it  consists  of  placing  drops  of  distilled  water,  5  microiiters  in 
volume,  on  the  test  surfaces  and  measuring  the  diameter  of  the  drops  with  the  aid  of  a 
Brinell  microscope.  Through  the  use  of  a  special  chart,  which  must  be  experimentally 
determined,  the  drop  dicmefer  is  readily  converted  to  the  “Critical  Surface  Tension  of 
Wetting”  of  the  surface.  This  number  is  a  quantitative  measurement  of  the  free  energy  of 
the  cleaned  surface. 

The  contaminants  which  accumulated  on  the  surface  of  panels  which  hod  been  exposed  to  o 
production  shop  environment  for  3  weeks  were  analyzed  by  mecns  of  on  infrared  spectro¬ 
photometer  and  identified  as  being  chiefly  hydrocarbon  oil,  solvents,  and  dur*. 

Studies  on  the  effect  of  aging  on  the  surface  energy  of  anodized  aluminum  panels  indicate 
that  aging  is  not  a  significant  factor  in  lowering  the  surface  energy  of  anodized  substrates. 


Laboratory  Evaluation  of  Cleaning  Procedures 

Nine  procedures  were  evaluated  for  their  cleaning  effectiveness  by  radioisotope  ond 
surface  energy  methods.  Panels  of  bare  aid  clad  7075-T6  end  71 78-T6  aluminum  were 
then  cleaned  by  each  of  the  procedures,  coated  with  the  Navy  epoxy-polyamide  paint 
system,  subjected  to  salt  spray  and  simulated  sun  and  rain  exposure,  and  evaluated  tor 
paint  adhesion  by  mecns  of  a  Scratchmaster  Paint  Adhesion  Test  Unit.  The  two  cleaners 
which  gave  the  best  overall  results  were  Cleaners  No.  Ill  and  VI.* 

The  cleaners  were  also  investigated  for  their  hydrogen  embrittlement  characteristics  by 
means  of  the  Lawrence  Hydrogen  Detection  Gouge.  Cleaner  No.  IV  was  highly 
embrittling,  but  the  remainder  were  considered  safe  for  use. 


Laboratory  Evaluation  of  Strippoble  Q-atings 

Five  hccd-peelcble  and  five  alkaline-removable  coatings  were  evaluated  for  their  ability 
to  protect  cleaned  surfaces  from  contamination  and  for  their  resistance  to  chemicai  pro¬ 
cessing  and  mechanical  abrasion.  The  best  of  the  hand-peelable  films  was  Coating  No. 
11,*  nnd  the  best  alkaline-removable  materials  was  Coating  No.  14. 


Application  of  Best  Cleaning  Procedures  to  Aircraft 

The  two  best  experimental  cleaning  procedures,  involving  the  use  of  Cleaners  No.  Ill  and 
VI,  were  applied  to  the  starboard  and  port  sides,  respectively,  of  PAR  Mod  C-130  aircraft 
*150885  on  September  13,  1968.  After  the  second  cleaning,  the  test  area  on  top  of  the 
fuselage  was  repaintsd  with  the  Navy  epoxy-polyamide  coating  system 


*See  Appendix  A  for  identification  of  cleaners  and  strippoble  coatings. 
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A  n S'.v  Navy  P-38  aircraft,  Nc.  5286,  was  c  leaficd  by  the  expef  imeniu I  procedures.  The 
starboard  wing  was  cleaned  with  Cleaner  No.  HI,  the  port  wing  with  Cleaner  N'v.  Vi, 
and  the  fuselage  was  cleaned  by  the  standard  Lockheed-Califomia  procedure  whit-n 
involves  hand-scrubbing  the  surfaces  with  Scotchbrite  pads  and  water. 


Production -Line  Evaluation  of  Strippable  Coatings 

Strippable  coatings  No.  II  and  14  were  applied  to  skin  panels  fora  P-3  aircraft.  Hand- 
strippable  coating  No.  14  was  applied  before  the  panels  passed  through  the  cleaning, 
deoxidizing,  and  Alodine  lines.  The  chemically  removable  coating  No.  11  was  applied 
after  the  chemical  treatments.  Both  coatings  held  up  well  during  the  drilling,  riveting, 
and  routine  operations.  Coating  No.  14  provided  good  protection  for  the  aluminum  panels 
through  the  chemical  treatments. 


Inspection  of  Aircraft  Cleaned  by  Experimental  Procedures 

P-3  Aircraft  No.  5286,  which  was  cleaned  with  the  two  best  experimental  cleaning 
procedures  on  August  5  end  7,  1968,  was  inspected  after  outdoor  storage  for  6  months 
under  conditions  which  were  quite  sheltered  except  for  exposure  to  sunlight.  No  deterio¬ 
ration  of  the  coating  system  was  evident.  The  second  inspection  was  made  on  18  May  1970, 
after  the  aircraft  had  been  on  active  service  in  Australia  for  6  months.  The  coating  was  in 
excellent  condition  and  still  had  a  high  gloss.  No  defects  or  deterioration  were  evident. 

C-130  Aircraft  No.  150685  was  inspectedatFutema  Air  Bose,  Okinawa,  on  7  April  1969 
after  approximately  6  months  of  active  service  in  the  South  Pacific.  Except  for  a  few  minor 
defects,  the  painted  surfaces  were  in  excellent  condition.  Both  experimental  cleaning 
procedures  had  been  effective  in  providing  good  paint  adhesion. 

The  second  inspection  of  the  test  C-130  aircraft  was  made  on  May  10,  1970.  The  paint 
was  adhering  well  and  was  not  blistering  or  peeling  with  the  exception  of  a  small  area  on 
the  starboard  side  of  the  ducktaii. 
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!  -  INTRODUCTION 


Aircraft  manufacturers  have  had  difficulty  in  obtaining  consistently  good  adhes;on  of 
epoxy  point  finishes  to  chromated  aluminum  surfaces.  In  an  effort  to  solve  this  problem, 
the  U.  S.  Naval  Air  engineering  CenterO)  conducted  an  investigation  of  various  methods 
of  cleaning  and  activating  aluminum  prior  to  painting  and  recommended  several  procedures. 
One  of  the  problems  encountered  by  the  U.  S.  Naval  Air  Engineering  Center  was  that  of 
quantitatively  measuring  the  degree  of  cleanliness  of  a  freshly  cleaned  surface.  It  was  the 
purpose  of  the  program  described  here  to 

•  Develop  a  reliable  method  of  determining  when  a  surface  has  the  cleanliness 
required  for  good  adhesion  of  paint  films. 

•  Evaluate  further  both  the  recommended  and  additional  cleaning  procedures  in  the 
laboratory. 

•  Apply  the  two  best  methods  to  both  new  and  reconditioned  aircraft  surfaces  to 
establish  cost  parameters  and  to  determine  the  performance  of  the  treated  surfaces 
under  service  conditions. 

The  condition  of  the  surface  prior  to  the  application  of  a  protective  coating  system  is  one 
of  the  critical  factors  in  the  attainment  of  an  adherent,  corrosion-resistant  finish  system . 
Paints  adhere  to  metal  surfaces  through  a  combination  of  two  mechanisms:  the  keying 
action  between  the  organic  film  and  irregularities  in  the  metal  finish,  and  molecular 
attraction  between  the  metal  and  the  polymeric  coating.  Since  aircraft  surfaces  are 
always  extremely  smooth,  the  second  mechanism  assumes  primary  importance. 

Good  molecular  bonding  is  best  achieved  by  freshly  activating  the  surface  to  be  coated 
just  prior  to  the  application  of  the  protective  system .  The  activation  treatment  creates 
unseturated  bonds  which  hove  a  strong  affinity  for  the  coating  system .  The  surface  must  be 
protected  if  it  is  not  practical  to  activate  the  surface  immediately  before  the  paint  is 
applied.  A  strippable  film  may  be  used  to  keep  moisture,  grease,  and  industrial  fumes 
away  from  metal  surfaces  during  fabrication  operations. 

!t  is  possible  to  achieve  ideal  conditions  ?n  the  laboratory,  where  relatively  small  test 
panels  are  coated  and  tested.  However,  the  painting  of  a  lerge  aircraft  presents  multiple 
problems.  The  humidity  in  the  paint  hangar  is  largely  regulated  by  the  local  weather 
conditions.  Another  problem  is  the  difficulty  in  educating  workers  to  keop  hands  off 
surfaces  which  have  been  prepared  for  painting,  it  is  not  uncommon  for  painters  to  wipe 
dust  from  surfaces  with  their  bare  hands,  not  realizing  that  the  grecse  and  moisture  from 
their  hands  is  far  more  detrimental  to  the  finished  coating  than  the  dust  they  are  trying  to 
remove. 

In  the  selection  o?  an  optimum  cleaning  and  chemical  treatment  for  aircraft  surfaces,  the 
effectiveness  under  idea!  conditions  is  important,  but  the  ultimate  test  is  how  well  the 
system  holds  up  when  recommended  handling  procedures  are  net  strictly  observed.  For  this 
reason,  it  was  decided  to  verify  the  results  of  the  laboratory  investigation  by  application 
of  the  ^elected  cleaning  procedures  to  production  aircraft  and  to  base  the  final  recom¬ 
mendations  on  the  results  of  o  field-service  test. 

The  initial  phase  of  this  program  was  a  basic  study  of  surface  clecnliness  which  had  the 
objective  of  developing  a  simple  and  reliable  method  of  determining  the  degree  of 
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cleanliness  of  aircreff  surfaces .  The  work  done  by  the  Nave!  Air  £r~!rsscr!'"  Center 
demonstrated  that  the  water-break  free  method,  which  is  the  usual  criterion  of  cleanliness, 
has  little  value  in  determining  whether  a  coating  may  be  effectively  applied  to  <?  surface. 
Surfaces  which  did  not  oass  the  water-break  free  test  still  provided  good  adhesion  for  the 
coating  used. 

The  second  portion  of  the  program  was  rhe  laboratory  evaluation  of  the  cleaning 
procedures  recommended  by  the  Naval  Air  Engineering  Center,  plus  the  cleaning 
procedures  in  current  use  by  Lockheed-Georgia  and  Lockheed-Califomia,  by  means  of 
radioisotope,  surfcce  energy,  hydrogen  embrittlement,  and  coating  adhesion  tests. 
Simultaneously,  a  laboratory  evaluation  of  the  best  strippable  protective  coatina  systems 
was  conducted  by  Lockheed-Califomia. 

The  final  phase  of  the  program  was  the  application  of  the  best  cleaning  procedures  to  o 
C-130  aircraft  at  Lockheed-Georgia  and  to  a  P-3B  aircraft  at  Lockheed-Califomia.  The 
cost  parameters  of  the  procedures  were  determined  during  application .  The  two  test  air¬ 
craft  were  scheduled  for  service  in  the  severe  environmental  conditions  of  the  South  Pacific . 

The  C-130  wos  assigned  to  Futema  Air  Base  in  Okinawa  and  remained  there  until  the  early 
part  of  1970.  It  was  inspected  after  6  and  14  months  of  exposure  to  the  high  heat,  humidity, 
intense  sunlight,  and  salt  air  environment  of  Okinawa .  The  P-3  aircraft,  originally 
scheduled  for  delivery  to  the  United  States  Navy,  remained  at  Lockheed-Caiiforr.ia  for 
almost  a  year  and  was  then  sold  to  the  Royal  Australian  Air  Force,  ft  was  inspected  in 
California  after  6  months  of  exposure  to  (.alifomia  sunshine  and  was  given  a  second 
inspection  at  Edinborough  Air  Base  at  Elizabeth,  Australia,  on  18  May  1970. 

Figure  1  is  c  milestone  chart  showing  the  completion  dates  of  the  various  phases  and  key 
steps  of  this  program .  ' 
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MILESTONE  CHART  OF  KEY  CONTRACT  OPERATIONS 


I!  -  BASIC  STUDY  OF  SURFACE  CLEANLINESS 


Methods  for  Determining  lleonliness 

The  classical  method  of  determining  the  surface  energy  of  solids  is  the  measurement  of  the 
heat  of  wetting  of  a  known  area.  However,  this  cannot  be  used  for  fiat  panels  because 
the  energy  changes  are  too  small.  This  method  is  applicable  only  where  it  is  possible  to 
use  finely  divided  solids  having  large  surface  areas  per  gram . 

A  i  Iterator©  survey  was  made  to  find  alternate  methods  of  determining  the  surface  energy 
of  metais  in  the  laboratory  and  in  the  field.  G.  J .  Hof(2)  discusses  the  following  methods  fa 
determining  the  cleanliness  of  surfaces,  a  property  which  is  closely  related  to  surface 
energy: 

•  Visual  Examination  -  This  is  effectively  only  for  visible  ccntcmincnts  and 
particulate  matter  and  is  the  least  sensitive  and  most  conv'roniy  used  rnethcd  of 
inspection . 

•  Tissue-Paper  Test  -  The  cleaned  surface  is  rubbed  with  white  tissue  paper  and 
then  observed  for  grease  or  soot.  Technique  is  limited  to  visible  soil  and  is  o 
relatively  insensitive  qualitative  test. 

•  Water  Break  -  The  surface  is  considered  clean  if  the  last  rinse  water  forms  a 
continuous  film  and  does  not  "bead  up."  This  condition,  in  the  absence  of  o 
hydrophiilic  contaminant,  indicates  o  zero  contact  angle  and  o  surface  energy 
of  more  than  72  dynes/cm . 

•  Atomizer  Test  -  A  water  mist  is  applied  to  o  cleaned  dry  surface  with  an 
atomizer.  Because  the  original  surface  is  ary,  the  resulting  pattern  is  deter¬ 
mined  by  the  value  of  the  advancing  contact  angle.  This  test  is  more  sensitive 
than  the  water-break  test  because  no  heavy  water  films  are  present  to  cover  and 
obscure  small  contaminated  areas. 

•  Contact  Angie  of  Water  Drop  -  A  drcp  of  distilled  water  is  placed  or.  the  test 
surface,  the  profile  is  photographed,  and  the  contact  angle  is  measured.  This  is 
on  accurate  method  of  determining  surface  cleanliness  but  ccn  be  used  only  under 
laboratory  conditions. 

•  Kerosene  Viewing  of  Water  Break  -  The  test  panel  is  withdrawn  from  water  and  is 
immediately  submerged  in  o  transparent  container  of  kerosene  which  is  lighted 
from  the  bottom.  New  water  breaks  are  displaced  by  kerosene. 

•  Radioactive  Tracer  -  A  radioactive  soiling  compound  is  applied  tc  the  test  piece 
and  the  residual  radioactivity  is  measured  after  the  piece  hcs  been  cleaned. 

This  is  the  most  sensitive  of  the  quantitative  methods  now  available. 

•  Fluorescent  Dye  -  An  oil-soluble  fluorescent  dye  is  mixed  with  an  oily  soiling 
material  and  applied  to  the  test  panels.  After  the  panels  we  cleaned,  the 
retained  soil  is  visible  under  ultraviolet  light. 


Preceiins  sue  W*rt 


*  Gravimetric  -  The  test  panels  ere  weighed  before  end  after  cleaning  -  The 
sensitivity  of  the  method  depends  on  the  sensitivity  o?  the  balance  end  the  size 
of  the  panel. 

o  Oil  Spot  -  A  drop  of  solvent  is  used  to  degrease  on  area  the  size  of  the  drop. 

The  drop  is  then  picked  up  with  o  pipette  and  evaporated  on  ground  gloss.  An 
evaporation  ring  gives  evidence  of  contamination  - 

•  Porticulcte  Contamination  -  A  thin  film  of  polyvinyl  chloride  is  pressed  against 
the  test  Surface,  heated  to  240°F,  end  cooled.  I?  is  then  carefully  stripped  from 
the  Si-rfcce  end  examined  under  o  microscope.  The  porticulcte  con*am:ncnts 
will  be  embedded  «n  the  vinyl  sheet. 

The  most  sensitive  of  the  above  methods  is  the  radioactive  tracer  test  in  which  c  radioactive 
contaminant  is  applied  to  o  surface  and  the  residual  radiation  i$  measured  after  the 
cleaning  operation.  Because  of  the  hazard  involved,  this  is  not  suitable  fee  a  production 
or  field  test.  However,  i*  was  used  in  this  pregfaro  as  o  screening  procedure  to  determine 
the  most  effective  of  the  cleaning  methods  to  be  evaluated. 

The  water  break,  water  spray,  and  atomizer  tests  ere  all  designed  to  detect  the  degree  of 
cleanliness  at  which  water  will  completely  wet  a  surface.  Point  films  frequently  will 
adhere  tightly  to  surfaces  which  do  rat  meet  this  standard. 

After  reviewing  the  advantages  ora  disadvantages  of  the  above  methods,  and  bearing  In 
mind  the  need  for  a  contamination  test  which  may  be  used  in  the  pe*’nt  shop  as  well  « In 
the  laboratory,  it  wos  decided  to  investigate  a  modified  version  cf  the  contact-angle 
test. 


Critical  Svrfcce  Tension  of  WetHra 

- -  ^ 


W.  A.  Zisman  of  the  Naval  Research  lobrotery®  has  devised  a  procedure  for  obtaining 
q  quantitative  value  for  the  surface  energy  of  substrates.  This  is  accomplished  by 
measuring  the  contact  angle  between  various  substrates  rad  each  cf  a  series  of  homologous 
organic  liquids,  plotting  the  cosine  of  the  contact  angle  versus  surface  tension  of  the 
liquid  in  dynes/cm  as  illustrated  in  Figure  2,  end  extrapolating  the  resulting  linear  p Set  fa 
the  point  where  the  contact  angle  is  equal  to  zero.  This  Intercept,  defined  cs  the 
"Critical  Surface  Tension  of  Wstiiw  of  the  Solid,"  is  characteristic  of  the  solid  only  rad 
appears  to  give  good  relative  characterization  cf  the  specific  surface  free  energy . 

Or.  Zisrocn  used  n-eikene  liquids  as  his  homologous  series  far  low-energy  solids.  F'^ure  2 
summarizes  the  plots  which  he  obtained  for  a  number  of  different  surfaces.  Q=nre  A  is  the 
plot  for  smooth,  clean  poiytetrcflucroethyiene  (Teflon) .  3  eras  obtained  for  the  ccsefpsr 
o?  tetrcfluoroethyiene  and  hexcfluompfopylene,  end  C  is  for  potyhexaffocroprsoyleoe. 

D ,  E,  end  F  were  obtained  for  clean,  smooth  platinum  which  hod  adsorbed  a  e*coo- 
molecuicr  layer  of  o  perflucroalkcnoic  acid,  Pladhxsa  normally  bos  o  high-energy  surface, 
but  the  adsorbed  layer  caused  if  to  act  like  a  material  with  a  surface  energy  lower  then 
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FIGURE  2  WETTAftIUTY  OP  VARIOUS  PERPLUORINATED  LOW-ENERGY  SURFACES  BY  THE  n- ALKANE  LIQUIDS 


that  of  Teflon.  These  plots  emphasize  the  importance  either  of  painting  an  aircraft  as  soon 
as  possible  after  :t  has  been  cleaned  or  of  protecting  the  cleaned  surface  until  the  paint 
system  is  applied.  It  is  also  of  interest  that  the  lines  which  represent  each  type  of  surface 
have  approximately  the  same  slope. 

In  an  attempt  to  parallel  Dr.  Zisman's  work  with  a  homologous  series  which  would  be 
suitable  for  use  on  metal  surfaces,  a  series  of  solutions  of  varying  surface  tensions  wos 
prepared  by  adding  Minnesota  Mining  surfactant  FC  128  to  distilled  water.  The  plots  of 
contact  angle  versus  surface  tension  were  very  erratic.  It  was  concluded  that  the 
surfactant  was  being  adsorbed  on  the  solid  surface.  In  subsequent  experiments,  isopropyl 
alcohol  was  added  as  a  surfactant  to  distilled  water.  Distilled  water  alone  was  used  as 
one  of  the  liquids  in  the  series.  Figures  3,  4,  and  5  are  profile  views  of  droplets  of 
distilled  water  on  Teflon,  glass,  and  aluminum. 

It  was  found  that  the  photographic  method  of  detennining  the  contact  angle  is  accurate 
when  the  droplets  are  perfectly  round.  However,  when  the  droplets  have  an  irregular 
shape,  the  contact  angle  varies  at  different  points,  and  the  photographic  method  measures 
the  angle  at  the  profile  only.  The  following  equation,  derived  by  Bikerman,(4)  gives  the 
relationship  between  drop  diameter,  volume,  and  the  average  contact  angle.  This  equa¬ 
tion  is  especially  useful  because  it  eliminates  the  need  to  actually  measure  the  contact 
angle.  If  the  drop  volume  is  constant,  only  the  dicmeter  must  be  measured. 

d£_  24  sin3S 

V  q 

(2-3  cos9  +  cos  9) 


where  D  =  drop  diameter 
V  =  drop  volume 
9  =  contact  angle 

The  equation  is  valid  for  droplets  1  to  8  microliters  in  volume.  Gravity  effects  introduce  a 
significant  error  when  larger  drops  are  used .  Contact  angles  are  determined  by  measuring 
the  diameters  of  droplets  of  known  volume  and  substituting  in  equation  (1).  Average  values 
obtained  in  this  manner  are  based  on  all  points  on  the  circumference  of  a  given  drop,  thus 
eliminating  the  errors  caused  by  irregular  wetting.  The  validity  of  this  relationship  led 
to  a  simple  and  practical  method  of  determining  the  surface  energy  of  metal  surfaces  after 
production  cleaning  operations. 


The  Development  of  the  Modified  Contact  Angle  Method 


The  method  consists  of  placing  droplets  of  distilled  water,  exactly  5  microliters  in  volume, 
on  the  surfaces  to  be  investigated,  measuring  the  dicmeter  of  the  droplets  with  the 
graduated  eyepiece  of  a  microscope,  and  converting  the  droplet  diameters  to  values  which 
represent  the  critical  surface  tension  of  wet»ir.g  of  the  metai  surface.  Figure  6  illustrates 
the  measurement  of  drop  diameters . 
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FIGURE  3  PROFILE  OF  DROP  OF  DISTILLED  WATER  ON  TEFLON, 
CONTACT  ANGLE  97°  (20X) 


FIGURE  5  PROFILE  OF  DROP  OF  DISTILLED  WATER  ON  ALUMINUM.. 
CONTACT  ANGLE  68°  (20X) 


Table  1  enables  a  rapid  conversion  of  drop  diameter  to  average  contact  angie.  The  first 
5  columns  of  Table  I  were  obtained  Irom  equation  (1),  which  was  simplified  by  using  a 
constant  volume  of  5  microliters.  The  last  column,  heated  "Critical  Surface  Tension  of 
Wetting,"  was  obtained  os  follows:  A  drop  of  water  having  a  volume  of  exactly  5  micro¬ 
liters  was  placed  on  o  freshly  cleaned  aluminum  panel.  The  contact  angle  was  determined 
by  measuring  the  drop  diameter  and  referring  to  Table  ! .  This  point  was  plotted  as  point  1 
on  the  plot  of  Cosine  8  versus  Surface  Tension  of  Liquid  shown  in  Figure  7.  Data  for  point 
2  were  determined  by  adding  isopropyl  alcohol  to  distilled  water  until  c  drop  of  the  solution 
completely  wet  the  clean  aluminum  surface  and  had  a  zero  contact  angle.  The  surface 
tension  of  the  liquid  was  measured  with  a  Fisher  Model  20  Surface  Tensiometer.  A  line 
was  drawn  to  connecr  points  1  and  2 . 

A  table  and  curve  were  then  prepared  to  show  the  surface  tension  of  wetting  represented 
by  a  range  of  contact  angles  by  making  the  assumption  that  lines  on  the  chart  which 
represent  contaminated  surfaces  will  have  the  same  siope  as  the  line  for  freshly  cieoned 
aluminum.  Dr.  Zisman's  data,  which  5s  summarized  in  Figure  2,  indicate  that  this  is  a 
reasonable  assumption . 

The  last  column  in  Table  S  was  then  completed,  and  the  data  were  plotted  to  give  Figure  8, 
the  plot  of  Drop  Diameter  versus  Critical  Surface  Tension  of  Wetting  of  Solid.  Since  the 
data  were  determined  for  rrandard  conditions,  77°F  and  50%  relative  hum>dity,  it  was 
necessary  to  determine  the  correction  factors  to  be  applied  with  deviations  from  the 
standard . 

Studies  were  made  in  a  humidity  chamber  to  determine  the  effect  of  relative  humidity  on 
surface  energy.  The  data  obtained  are  plotted  in  Figure  9.  The  results  indicate  that  a 
correction  of  4  dynes/cm  should  be  made  for  each  variation  of  10%  from  the  standard 
relative  humidity  value  of  50%.  The  correction  factor  should  be  added  for  readings  taken 
at  relative  humidities  of  more  than  50%  and  should  be  subtracted  for  readings  taken  at 
lower  relative  humidities.  Deviations  from  the  standard  temperature  of  77°F  had  no 
significant  effect  on  the  surface  energies  of  the  test  panels. 

A  clean  surface  has  a  high  surface  energy  and  isreodsly  wet  by  water.  A  5-microliter  drop 
of  distilled  water  applied  to  a  clean  surface  has  a  low  contact  angle  and  a  large  diameter. 
The  same  size  drop  applied  to  a  contaminated  low-energy  surface  would  have  a  steep 
contact  angie  and  small  diameter. 

The  data  in  Table  I  and  Figure  8  are  utilized  by  measuring  the  diameter  of  5-microliter 
drops  of  distilled  water  applied  to  the  tes'r  surface  and  then  reading  off  the  corresponding 
surface  energy  in  dynes/cm.  Experimental  data  developed  in  this  program  show  that  any 
surface  energy  greater  than  40  dynes/cm  will  give  excellent  paint  adhesion. 


11 


TABLE  I 

DROP  DIAMETER,  CONTACT  ANGLE,  AND  SURFACE  ENERGY  RELATIONSHIPS 

r3/ 

,/v 


Diameter  Diameter 

Scale  Units  mm 


Cos  9  Angle  9 


Critical  Surface  Tension 
(dyne/ cm) 


I 


CRITICAL  SURFACE  TENSION  OF  SOLID  (DYNES/CM) 


E  ENERGY  OF  7l 


The  Surfoscope  Surface  Energy  Kit 


The  relationships  determined  in  this  study  have  been  integrated  into  a  kit  and  a  procedure 
for  rapidly  measuring  surface  cleanliness  in  the  field  or  shop  as  well  as  tn  the  laboratory. 
This  kit,  known  as  the  Surfoscope,  consists  of  a  Brinell  microscope  which  has  an  eyepiece 
graduatec'  in  millimeters,  a  microsyringe  to  meter  out  drops  of  distilled  water  of  known 
volume,  end  rhe  experimentally  determined  curve  for  converting  drop  diameter  readings  to 
surface  energy  units.  Figure  10 shows  the  components  of  the  kit.  The  Brinell  microscope 
has  a  built-in  battery-operated  light  which  enables  accurate  readings  to  be  taken  under 
adverse  lighting  conditions. 

The  Surfoscope  instrument  for  measuring  surface  cleanliness  is  easy  to  use,  and  a  reading 
can  be  taken  in  less  than  a  mir.ute.  However,  certain  precautions  must  be  observed.  The 
method  should  not  be  applied  to  grossly  contaminated  surfaces  because  dust  particles  have 
the  same  effect  as  a  rough  surface  -  they  tend  to  increase  wettability  and  will  give 
exaggerated  values  of  surface  energy.  Also,  the  drops  should  not  be  applied  to  a  metal 
surface  which  has  been  heated  from  exposure  to  direct  sunlight.  The  heat  causes  some  of 
the  liquid  to  evaporate,  and  os  o  result,  the  measured  drop  diameters  are  smaller  than  they 
should  be.  Following  are  the  simple  instructions  for  the  use  of  the  Surfoscope. 


INSTRUCTIONS  FOR  INSPECTION  OF  CLEANED  SURFACES 
Operating  Principle 

The  SURFASCOPE  provides  a  convenient  and  accurate  method  for  measuring 
the  degree  of  cleanliness  of  surfaces  being  prepared  for  painting,  plating, 
bonding,  anodizing,  or  conversion  coating.  Since  a  clean  surface  has  a  high 
surface  energy,  it  is  readily  wetted  by  water.  The  curve  of  Figure  8  shows  tlie 
relationship  between  surface  energy  and  the  diameter  of  a  5-microliter  drop  of 
distilled  water  on  a  test  surface.  The  drop  diameters  are  measured  by  means 
of  the  graduated  sccie  inscribed  on  the  eyepiece  of  the  SURFASCOPE. 


Procedure 


Place  the  needle  of  the  microsyringe  into  the  vial  of  distilled  water  and 
move  the  plunger  up  and  down  until  air  bubbles  ars  eliminated.  Fill  the 
microsyringe  with  exactly  5  microliters  of  water. 

Bring  the  tip  of  the  needle  within  1/2  inch  of  the  test  surface,  push  the 
plunger  completely  in,  and  gently  touch  the  drop  to  the  surface. 

Place  the  SURFASCOPE  directly  over  the  drop.  Gently  press  the  right 
switch,  being  careful  not  to  smear  the  drop.  Read  the  drop  diameter  to 
the  nearest  0.1  mm  with  the  graduated  eyepiece. 

If  the  drop  is  elliptical,  averoge  the  long  and  short  axes,  or  apply  a  fresh 
drop.  The  eyepiece  may  be  rotated  to  facilitate  the  measurement  of 
elliptical  drops.  All  readings  should  be  mode  within  2  minutes  offer  the 
drop  is  deposited . 


CONTAMINATED  SURFACE 
DROP  DIAMETER  2.6  MM 


CLEAN  SURFACE 
DROP  DIAMETER  3.8  MM 


FIGURE  10  SURFASCOPE  KIT  AND  APPEARANCE  OF  5-MICROLITER 
WATER  DROP  THROUGH  BRINELl  MJCR05C0PE 


4.  Determine  the  surface  energy  corresponding  to  the  measured  drop  d someter 
through  the  use  of  the  plot  shown  in  Figure  S,  or  the  data  in  Table  !. 

5.  Determine  the  actual  relative  Humidity  of  the  atmosphere  with  the  aid  of 
the  sling  osychrometer.  Correct  surface  energy  reading  obtained  in  (4) 
for  deviations  from  50%  relative  humidity  by  subtracting  4  surface  energy 
units  For  every  10%  cbove  50%  relative  nun; reify,  or  by  adding  4  units  for 
every  10%  below  50%  relative  humidity. 

6.  Compare  the  corrected  surface  energy  reading  with  minimum  acceptable 
standards  for  chromated  or  cnodixed  aluminum  surfaces  (40  dynes/ cm). 


The  method  for  measuring  the  free  energy  of  cleaned  surfaces  by  measuring  the  diameter  of 
drops  of  distilled  wafer  5  microiiters  in  volume  was  originally  developed  fer  horiiontai 
surfaces.  A  series  of  experiments  were  conducted  to  determine  now  much  test  surfcce 
inclination  could  be  tolerated  without  introducing  significant  errors  in  the  surface 
r codings.  Through  the  use  of  o  table  which  could  be  tilted  through  a  range  of  inclinations 
from  0  to  90  ,  surface  energy  readings  were  mode  on  clad  7075-16  aluminum  panels. 

These  panels  were  cleaned  with  Cleaner  No.  HI  and  had  surface  energies  of  32-37  dyne/cm. 
Table  II  summarizes  the  data  obtained  by  measuring  drops  placed  on  surfaces  at  various 
engies  of  inc*y-otioii . 


TABLE  ii 

DIAMETERS  OF  5 'MIC ROUTER  DROPS  OF  WATER  ON  iNCUNED  SURFACES 
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The  drop  diameters  «'ere  remarkably  uniform,  despite  the  ferae  variations  in  angle  of 
iftiliftdsss .  Looking  ct  *ne  }«e  exiissas,  the  evSKoe  drop  diareter  for  the  horizontal 
surface  va  3.2  sas,  cs  compared  wim  or.  o^oroge  crop  diasstar  of  3.15  toss  fee  the 
vertical  surface.  The  difference  In  tori  oca  energy  vnih  is  ordy  4.2  dyncs/crn . 

In  obtaining  the  cans  data,  k-divkhai  drops  were  used  far  scch  data  r»Int,  so  scene  of 
the  variation  between  the  dicoeters  on  flat  end  inclined  surfaces  sc/  hove  been  doe  tc 
small  difference  in  the  drop  vahres.  A  second  set  of  readings,  summarized  in  Tcble  Hi, 
was  made  by  assuring  the  dieoseiess  of  the  sense  crops  cn  both  heel  ran  to  3  and  -vertical 
surface. 


TARE  ill 


DIAMETERS  Or  SA Mr  5-MK30UTE2  DROPS  ON 
HORIZONTAL  Ah£>  VERTICAL  SURFACES 


j  Drop  No. 

Bori 

rants! 

Vertical  | 

Oic&eler 

{=*55} 

S.£. 

(dyna/cH) 

Diameter 

i  (ars) 

5.E.  j 

(synes/ca)  I 
i 

1 

3.9 

29.4 

3-0 

29.4  j 

r 

3.1 

32.0 

3.. 

32.0  I 

3 

3.1 

32.0 

3.1 

32.C  j 

4 

3.1 

32.0 

3.1 

5 

> 

3.1  | 

32.0 

3.2 

26.2  j 

6 

3.1 

32.G 

3.1 

32-0  1 

7 

3-*  ! 

32.0 

3.1 

3E2.0  j 

8 

3.1 

32.0 

3., 

32.0  | 

9 

3.2 

36.2 

3.2 

36.2  j 

10 

3.0  | 

29.4 

3.1 

32.0  1 

Oat  of  10  sets  of  readings,  there  was  no  difference  berocen  the  vertical  end  horizontal 
measurements  its  8  instances.  In  the  ether  2  cases,  the  souasxa  dHfemte  in  apparent 
surface  energy  between  the  honsr.to:  and  veroicel  pens'  was  cnly  4.2  dys*s/ca.  These 
results  mdicste  that  the  drop-dloggSer  method  of  determining  ssrhee  energy  ncy  be  ossa 
ct  any  angle  of  mclinsticn  fas  0  to  9iP  without  introducing  errors  c?  aaoce  than  5  dyeyesa 
in  the  surface-energy  sseassremenis. 

In  o  supplementary  experiment,  csces  -at  distsikd  water  5  asierofitzss  in  vsK^e  «-ext 
placed  on  horizontal  and  vertical  panels  ct  clod  7275-T6  ebsssa,  sd  the  profiles  o S 
the  drops  *»ere  photographed .  Figure  H  hen  edge  view  of  the  panels  shoeing  the  drop 
profiles.  There  is  s  slight  difference  between  the  upper  and  sorer  contact  eagles  of  the 
drop  on  the  vorHcc!  panel.  bar  the  difference  in  dtaads  between  the  verticoi  end 
horizontal  drops  b  only  0.1  a®. 
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FIGURE  11  PROFILE  OF  5-MICROLITER  DROPS  OF  DISTILLED  WATER  ON 
HORIZONTAL  AND  VERTICAL  CLAD  7075-T6  PANELS 
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Surface  Energy  Measurements  on  Surfaces  Inclined  More  Ihon  90c 


On  surfaces  which  are  inclined  more  than  90°  from  the  horizontal,  such  as  the  underside 
of  wing  panels  or  lower  fuselage  areas,  the  drops  are  difficult  to  apply,  and  the  error  due 
to  gravity  effects  is  increased.  For  these  situations,  it  was  found  that  qualitative  deter¬ 
minations  may  be  made  with  an  atomizer  spray.  If  the  atomizer  contains  a  liquid  whose 
surface  tension  is  equal  to  the  minimum  acceptable  "critical  surface  tension  of  wetting"  of 
the  surface,  the  appearance  and  behavior  of  the  liquid  on  the  surface  will  indicate 
whe.:  v  or  not  the  surface  is  clean  enough  to  paint. 

A  DeVilbiss  Model  15  atomizer  was  used  for  these  experiments.  It  wos  filled  with  a 
solution  of  isopropyl  alcohol  in  distilled  water  which  had  a  surface  tension  of  61  dyne/cm. 
The  appearance  of  the  spray  on  a  clean  panel  is  shown  in  Figure  12.  The  drops  are  large 
and  irregular  in  outline  and  tend  to  merge  into  a  continuous  film,  indicating  that  the 
surface  energy  of  the  panel  is  equal  to  or  greater  than  thct  of  the  liquid.  Figure  13  shows 
the  appearance  of  the  liquid  on  a  contaminated  panel.  The  liquid  forms  Into  spherical 
drops  which  have  a  large  contact  angle.  For  aircraft  surfaces,  the  minimum  surface 
energy  prior  to  painting  should  be  approximately  40  dynes/cm. 


identification  of  Contaminants  on  Panel  Surfaces 


The  environmental  panels  were  fabricated  and  prepared  in  the  shop  by  production 
personnel .  The  test  panels  were  then  stored  for  three  weeks  on  top  of  an  air  conditioning 
unit  in  the  shop  area.  This  subjected  them  to  the  same  atmospheric  pollution,  dust,  and 
humidity  that  a  part  for  a  production  aircraft  would  receive. 

The  method  which  was  used  for  the  identification  of  the  contaminants  was  developed  by 
W.  T.  M.  Johnson. (5/6)  The  met<  *  surface  is  abraded  with  potassium  bromide  powder. 

The  powder  becomes  contaminated  with  surface  matter  and,  after  collection  and  pressing 
into  a  potassium  bromide  disc,  is  checked  for  its  infrared  absorption  properties.  The 
infrared  spectrum  reveals  the  chemical  composition  of  the  contaminants. 

This  method  can  be  used  to  analyze  the  surface  of  paint  films  as  well  as  metal  surfaces, 
in  his  studies,  Mr.  Johnson  found  that  the  chemicol  composition  of  the  top  20  angstroms  of 
paint  surface  is  often  considerably  different  from  the  bulk  composition,  especially  where 
surface-active  agents  such  as  silicones  are  present.  Since  pigmented  paints  have  virtually 
100%  of  the  pigment  content  beneath  the  surface,  the  pigment  has  little  effect  on  paint 
adhesion.  Mr.  Johnson  also  found  that  plasticizers  have  a  tendency  to  concentrate  in  the 
surface  layers  of  paint  films  and,  by  their  physical  presence,  to  create  weak  boundary 
layers. 

The  following  is  a  detailed  description  of  the  potassium-bromide  procedure  used  to  identify 
the  contaminants  on  the  aluminum  panels  which  had  been  exposed  to  three  weeks  of  shop 
environment. 

The  panel  surface  to  be  analyzed  was  lightly  polished  with  300  mg  of 
Horshaw's  "Spectro-Grade"  potassium  bromide  using  a  flexible,  stainless-steel 
spatula.  The  potassium  bromide  was  collectea  and  mixed.  A  portion  (150  mg) 
of  the  material  was  transferred  to  a  1/2-inch  diameter  die  (shown  in  Figure  >4) 
and  pressed  into  a  disc  using  standard  techniques.  Figure  15  shows  potassium 
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FIGURE  15  POTASSIUM  BROMIDE  POWDER  ON  TEST  PANEL.  HOtDER  AT  RIGHT 
jS^UPPORTIt^GJRANSPARENT  DISC  WHICH  WAS  JUST  REMOVED 
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bromide  powder  on  a  test  panel  and  a  molded  potassium  bromide  disc;  the 
molding  press  is  shown  in  Figure  io. 

Infrared  spectra  were  obtained  over  the  4000  to  200  cm  ^  range  with  a 
Perkin-Elmer  Model  621  Infrared  Spectrophotometer  shown  in  Figure  17.  In 
recording  the  spectra  of  these  samples,  c  plain  potassium  bromide  disc  was 
used  in  the  reference  beam  to  compensate  for  any  absorption  bands  due  to  the 
matrix  material . 

The  spectrum  of  Panel  A,  7075-T6  Bare,  is  shown  in  Figure  18a  .  Tentative  band  assign¬ 
ments  are  given  in  Table  IV.  The  contamination  appears  to  be  a  mixture,  probably 
containing  a  hydrocarbon  oil  and  solvents. 

The  soectrum  of  Pane!  D-46,  anodized  7075-T6  Bare,  is  shown  in  Figure  18b,  with  band 
assignment  given  in  Table  V.  The  strong  indication  of  potassium  nitrate  contamination 
is  probably  due  to  the  metai— trootmg  salt  bath  located  in  the  shop  area. 

The  spectrum  of  Panel  E-77,  anodized  7178-T6  bare,  is  shown  in  Figure  19a,  with  band 
assignment  given  in  Table  V!.  Potassium  nitrate  predominates,  with  indications  of  silica 
(as  dust)  and  a  hydrocarbon . 

The  spectrum  of  Panel  F-60,  chromated  7075-T6  clad,  is  shown  in  Figure  19b,  with  band 
assignments  given  in  Table  VII .  Potassium  nitrate  predominates,  with  indications  of  silica 
(as  dust)  and  a  hydrocarbon . 

It  was  anticipated  that  the  shop  contaminates  would  consist  chiefly  of  hydrocarbon  oil, 
solvents,  and  dust.  The  appearance  of  the  potassium  nitrate  bond  was  puzzling  until  a 
survey  of  the  area  revealed  the  presence  of  a  metal -treating  salt  bath. 


Effect  of  Aging  on  Surface  Energy  of  Sulfuric  Anodized  Panels 


Initial  determinations  for  freshly  anodized  panels  showed  surface  energies  to  be  very  high. 
Wettability  was  excellent.  Many  panels  were  completely  wetted  by  distilled  water  of 
surface  tension  71 .7 dynes/cm.  Other  investigators,  however,  have  reported  low  surface 
energies  and  poor  wettability  for  anodized  surfaces.  It  was  postulated  that  these  surfaces 
undergo  ar.  aging  process  which  lowers  surface  energy.  To  check  this,  surface  energies 
were  measured  for  ponels  immediately  after  anodizing  and  again  after  a  period  of  three 
months.  The  panels  were  protected  from  contamination  between  measurements  by  poly¬ 
ethylene  film.  The  results  of  this  test  are  given  in  Table  VIH. 

The  surface  energy  measurements  were  taken  3  months  ard  10  months  after  cncdizing.  The 
magnitudes  of  the  changes  in  surface  energy  after  aging  for  10  months  range  from  1  tc  8 
dynes/cm.  This  indicates  that  aging  is  not  a  significant  factor  in  poor  adhesion  on 
anodized  substrates. 


24 


POTASSIUM  BROMIDE  DISCS 


FIGURE  17  ABSORPTION  CHARACTERISTICS  OF  POTASSIUM  BROMIDE 
DISCS  BEING  OBTAINED  WITH  A  PERKIN-EIMER  MODEL 
621  INFRARED  SPECTROPHOTOMETER 


WAVtttNGt*  iMICHONii 


FIGURE  18  INFRARED  ABSORPTION  SPECTRA  OF  CONTAMINANTS  ON  ALUMINUM  PANELS 


TABLE  IV 


BAND  ASSIGNMENTS,  TEST  PANEL  A  (7Q73-T6  Bare) 


Wavenumber 
(cm  ') 

3450 

3380 

3300 

2950 

2920 

2B50 

1680 

1600 

1455 

1400 

1392 

1380 

1370 

755 

685 

390 


Characteristic 

Group 

h2o 

nh2 

nh2 

CPU 

~ch2- 

~CH2‘ 

C  =  0  (Ketone) 

-nh2 

mono -substituted  phenyl 


gem  methyl 


NHj,  mono-substituted  phenyl 
mono-substituted  phenyl 


TABLE  V 

BAND  ASSIGNMENT-  TEST  PANEL  D-46  (7075-T6  Bare  Anodized) 


Wavenumber 

(cm~b 

2420 

1385 

1100 

1030 

830 

820 

460 


Characteristic 

Group 

NO~ 

NO-! 

sio2 

Si02 

no3 

N°3 

no3,  Si02 
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WAVtUNOiM  MICkONV 


FIGURE  19  INFRARED  ABSORPTION  SPECTRA  OF  CONTAMINANTS  ON  ALUMINUM  PANELS 


TABLE  VI 

BAND  ASSIGNMENT,  TEST  PANEL  E-?7  (7178-T6  Bare  Anodized) 
Wavenumber  Characteristic 


(cm  *) 

Group 

2920 

-ch2- 

2830 

-ch2- 

2460 

2445 

no3 

1765 

no3 

1385 

no3 

1100 

s;c2 

1030 

sio2 

830 

no3 

820 

no3 

520 

460 

NO,,  S.O, 
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TABLE  VII 


8  A  NO  ASSIGNMENT,  TEST  PANEL  F-60  (7075-T6  Clod  Chromcted) 


Wovenvmbef 
(cm  l) 

Characteristic 

Creep 

3350 

H~C 

2950 

CH3 

2920 

-ck2- 

2850 

-=h2- 

2480 

2420 

NO, 

2400 

NO, 

i?85 

1760 

no3 

1380 

no3 

1100 

Si02 

1020 

Si02 

870 

830 

no3 

820 

N03 

530 

460 

N03fSi02 
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I* 

ED  SURFACES 
Enegw  {dynsi/cs' 


?i*-ar.  196c 


Ocs.  ?9cS 


(il  -  LABORATORY  EVALUATION  OF  CLEANING  PROCEDURES 


The  combination  of  aluminum  substrates  and  surface  finishes  used  in  this  program  are 
presented  in  the  following  table: 


TABLE  IX 


SUBSTRATES  AND  SURFACE  FINISHES 


Panel  Code 

Composition 

Finish 

A 

7075-T6  Bare 

None 

8 

7075-T6  Clad 

None 

C 

7173-T6  Bare 

None 

D 

7075-T6  Bare 

Anodized 

E 

7178-T6  Bare 

Anodized 

F 

7075-T6  Clad 

Conversion  Coated 

The  following  cleaning  methods  recommended  by  the  Naval  Air  Engineering  Center  and 
those  in  current  use  by  Lockheed-Georgia  and  Lockheed-California  were  evaluated  in  the 
laboratory  by  means  of  radioisotope,  hydrogen  embrittlement,  surface  energy,  and 
environmental  exposure  and  adhesion  tests. 

Method  1  -  This  method  consisted  of  brushing  a  coat  of  Cleaner  IV*  on  the 
panels,  rinsing  with  water,  neutralizing  with  5%  by  weight 
aqueous  NaHCO»,  and  again  rinsing  with  wo;er.  the  cleaner 
remained  on  the  panels  for  15  minutes  before  the  first  rinse. 

Method  2  -  A  layer  of  Cleaner  III  -  5  to  10  mils  thick,  was  applied  to  the 
contaminated  panels  and  rinsed  with  water  after  15  minutes. 

Method  3  -  The  panels  were  wet-scrubbed  with  Scotchbrite  No.  447  Type  A 
pads  wetted  with  methyl  ethyl  ketone  with  moderate  pressure  and 
just  long  enough  to  abrade  the  surface  to  brightness.  The  loose 
powder  formed  by  the  scrubbing  operation  was  removed  with  paper 
towels  wet  with  methyl  ethyl  ketone. 

Method  4  -  The  panels  were  soaked  for  15  minutes  in  a  solution  of  Cleaner  I, 
diluted  to  the  manufacturer's  specifications,  and  then  rinsed  with 
water . 

Method  5  -  The  substrates  without  surface  treatments  were  solvent- cleaned. 

Cleaner  V  was  applied  for  15  minutes;  the  surfaces  were  then 


*Sce  Appendix  A  for  identification  of  cleaners. 
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Preceding  page  blank 


rinsed  with  water  and  dried.  Spray  Coating  12  was  applied  prior 
ro  the  3-week  shop  contamination  period.  The  anodized  and 
chromated  substrates  were  coated  immediately  after  processing. 

Method  6  -  The  panels  were  wiped  with  paper  towels  wet  with  Stoddard 

solvent.  They  were  then  scrubbed  to  brightness  with  Scotchbrite 
No.  447  Type  A  pads  wet  with  water,  given  a  water  rinse,  and  a 
final  solvent  wire. 

Method  7  *•  The  substrates  without  s^-face  treatments  were  solvent-cleaned. 

Cleaner  V  emulsion  cleaner  was  applied  for  15  minutes,  rinsed 
with  water,  dried,  and  then  coated  with  Spray  Coating  13  to 
protect  the  surfaces  from  contamination.  Anodized  and 
chromated  substrates  were  coated  immediately  after  processing . 

Method  8  -  Cleaner  VI,  diluted  according  to  the  manufacturer's  directions, 
was  applied  with  a  brush  and  permitted  to  remain  on  the  panels 
for  15  minutes.  It  was  then  rinsed  off  with  water  at  room 
temperature . 

Method  9  -  The  panels  were  cleaned  by  applying  a  layer  of  Cleaner  IV,  5  to 
10  mils  thick,  and  rinsing  with  water.  They  were  then  treated 
with  a  solution  containing  5%  Na~PO .  ana  given  a  final  water 
rinse. 


Radioisotope  Evaluation  Test 


The  relative  efficiencies  of  the  candidate  cleaning  procedures  were  determined  by 
contaminating  test  specimens  with  radioactive  stearic  acid  and  measuring  the  activity  of 
the  specimens  before  and  after  cleaning.  Radioactive  stearic  acid  contains  C*^  which 
emits  beta  radiation  having  an  energy  of  0.155  MEV.  Stearic  acid  was  chosen  because 
this  material,  or  a  similar  wax,  is  often  used  cs  a  lubricant  on  interference  fasteners  and 
represents  a  typical  plant  contaminant. 

Discs,  2  inches  in  diameter,  were  cut  from  each  of  the  6  Al  substrates:  7178-T6  bare, 
7075-T6  bare,  7075-T6  clad,  71 78-T6  bare  anodized,  7075-T6  bare  anodized,  and 
7075-T6  clad  chromated.  Three  specimens  of  each  substrate  were  contaminated  with 
srearic-l-C'i*  acid  dissolved  in  toluene.  The  stearic  acid  solution  was  spread  evenly  over 
a  circle  1-1/4  inches  in  diameter  centered  on  the  disc.  The  toluene  was  evaporated 
leaving  the  specimen  contaminated  with  stearic-l-C^  acid.  The  radioactivity  of  the 
specimens  was  measured  with  a  Nuclear  Measurements  Corporation  proportional  counter. 
Model  PC-3T  (see  Figure  20).  Contact-angle  measurements  were  made  on  the  contami¬ 
nated  specimens  before  and  after  cleaning  to  provide  data  for  correlating  the  radioisotope 
test  results  with  surface-energy  measurements. 

Each  cleaner  was  used  in  the  manner  prescribed  by  the  manufacturer,  with  the 
exception  of  the  rinsing  procedure.  Because  of  the  residual  radioactivity',  ail  of  the 
rinse  water  had  to  be  retained  and  transported  to  a  disposal  point  later.  To  reduce 
the  amount  of  contaminated  water  and  to  ensure  adequate  rinsing,  each  specimen  was 
rinsed  thoroughly  with  the  jet  from  a  wash  bottle.  This  method  provided  maximum  usage 
of  the  water  for  rinsing  without  limiting  the  amount  of  water  used  on  each  specimen . 
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The  Isotope  investigation  was  conducted  in  a  laboratory  reserved  for  radioisotope  work  and 
conventional  safety  precautions  were  observed . 


FIGURE  20  MEASUREMENT  OF  RESIDUAL  RADIOACTIVITY  IN  NUCLEAR 
MEASUREMENTS  PROPORTIONAL  COUNTER  MODEL  PC-3T 


Of  the  proposed  9  cleaning  procedures,  o  were  suitable  for  investigation  by  isotopes.  The 
effectiveness  of  each  cleaning  procedure  was  determined  by  two  independent  methods:  the 
residue!  radioactivity  and  the  "critical  surface  tension  of  wetting"  technique.  The  results 
of  the  rodiotracer  tests  are  summarized  in  Table  X. 

Most  of  the  cleaners  did  a  good  job  of  removing  the  radioactive  stearic  acid  from  the  bare 
and  the  clad  panels,  a  fair  job  of  removal  from  the  chromated  panels,  and  a  very  poor  job 


contaminated,  anodized  surfaces  are  very  difficult  to  clean. 

No  one  cleaning  method  was  equally  effective  on  all  substrates.  In  order  to  simplify  the 
evaluation  process,  a  system  was  used  in  which  quality  points  were  assigned  to  the 
cleaning  methods  whicn  ranked  first,  second,  or  third  in  cleaning  effectiveness  for  each 
type  of  surface.  Three  quality  points  were  assigned  for  first  place,  two  for  second,  and 
one  for  third.  The  quality  points  are  shown  in  parentheses  in  Table  X  and  are  summarized 
in  Table  XI,  According  to  this  rating  system.  Cleaner  III  was  the  best  of  the  cleaners  with 
12  points.  Cleaner  IV  in  second  place  with  1 1  points,  and  Cleaner  I  third  with  3  points. 
Clecner  III  was  significantly  better  them  the  OTher  cleaners  in  removing  contamination  from 
the  anodized  specimens. 

The  surface  energy  data  are  summarized  in  Table  X5f .  The  use  of  Cleaners  III,  IV,  and  VI 
resulted  in  high  surface  energies  on  all  substrafes  white  Cleaner  I  resulted  in  a  low  energy 
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1ABLC  A 


RADIOISOTOPE  EVALUATION  OF  CLEANING  EFFECTIVENESS 


Radiation  Count 

Radiation  Count 

Substrate 

Cleaning  Method 

Before  Cleaning 

After  Clean! na 

Counts/Min. 

Counts/Min. 

Cleaner  IV 

138,000 

496  (3)* 

7075-T6  Clad 

Cleaner  III 

190,000 

3,901 

Chromated 

Cleaner  V 

155,000 

l,7ul 

Conversion 

Cleaner  1 

120,000 

1,283  (1) 

Coating 

Cleaner  VII 

194,000 

1,350 

Cleaner  VI 

128,000 

1,067  (2) 

Cleaner  IV 

117,000 

96,000 

7178-T6 

Cleaner  III 

109,000 

36,000  (3) 

Cleaner  V 

145,000 

108,000 

Anodized 

Cleaner  I 

99,000 

61,000  (2) 

Cleaner  VII 

117,000 

67,000  (1) 

Cleaner  VI 

100,000 

81,000 

Cleaner  IV 

120,719 

92,589 

7075-T6 

Cleaner  Hi 

108,542 

36,168  (31 

Bare 

Anodized 

Cleaner  V 

145,095 

108,142 

Cleaner  1 

Cleaner  VII 

99,000 

117,000 

61,000  (2) 
66,000  (1) 

Cleaner  VI 

100,000 

81,000 

Cleaner  IV 

87,000 

327  (3) 

Cleaner  HI 

145,000 

292  (3) 

7178-T6 

Cleaner  V 

122,000 

23,000 

Bare 

Cleaner  1 

141,000 

645  (2) 

Cleaner  VII 

149,000 

817  (1) 

Cleaner  VI 

141,000 

3,985 

Cleaner  IV 

93; 000 

583  (2) 

Cleaner  Hi 

129,000 

2,483 

7075-T6 

Cleaner  V 

136,000 

10,000 

Clad 

Cleaner  1 

139,000 

658 

Cleaner  VII 

162,000 

S  wl 

Cleaner  VI 

142,000 

HU 

Cleaner  IV 

102,000 

282  (3) 

Cleoner  III 

164,000 

289  (3) 

7075-T6 

Cleaner  V 

13,000 

S  a?e 

Cleaner  l 

123,000 

3,838  (1) 

Cleaner  VII 

153,000 

6,065 

Cleaner  VI 

153,000 

529  (2) 

•Quality  Points 
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TABLE  XI 


RADIOISOTOPE  EVALUATION  RATINGS  OF  CLEANING  PROCEDURES 


Cleoners 

Substrate 

IV 

II! 

V 

1 

Scoichbrite 
+  MEK 

7075-T6  Clod 
Chromated 

3 

1 

7176-T6  Bore 
Anodized 

3 

2 

1 

7075-16  Bore 
Anodized 

3 

2 

1 

717B-T6  Bare 

3 

3 

2 

1 

7075-T6  Clod 

2 

l 

7075-T6  Bare 

3 

3 

1 

Total 

11 

12 

8 

4 

3  Quality  Points  -  First  Place 
2  Quality  Points  -  Second  Place 
1  Quality  Point  -Third  Place 


TABLE  Xii 


SURFACE  ENERGIES  OF  PANELS  BEFORE  AND  AFTER  CLEANING 
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surface  on  aii  substrates.  Ciecner  i  appears  to  ieave  o  adsorbed  hydrophobic  film  on  the 
substrate  and  data  from  the  adhesion  test  shows  that  it  adversely  affects  paint  odhesion . 
Cleaner  VII  resulted  in  a  low  energy  surface  on  the  substrates  with  surface  treatments 
(anodized  ond  chromated)  but  provided  amuch  higher  surface  energy  or.  the  untreated 
panels.  This  indicates  that  this  cleaning  procedure  is  only  moderately  effective  in 
removing  contamination  from  the  rougher  surfaces  of  the  anodized  and  chromated  substrates. 
Even  though  the  radioisotope  count  of  the  anodized  panels  indicate  that  they  were  not 
clean,  the  surface  energies  of  the  panels  were  high.  This  meor.s  that  the  residual  radio¬ 
active  contamination  was  in  the  pores  of  the  anodizing  and  not  on  the  surface.  C leaner 
IV  was  on  effective  cleaner,  but  it  also  removed  thd  chromic  acid  sealer  from  the 
anodized  film. 

Results  of  the  radioisotope  evaluation  show  that  Cleaners  III,  IV,  I,  and  VI,  in  that  order, 
are  the  most  effective  in  removing  the  rodiocctive  contaminate.  The  surface  energy 
measurements  indicate  thct  Cleaners  III,  I'*,  and  V|  provide  a  high  energy  surface. 

Cleaner  I,  in  contrast,  leaves  on  adsorbed  hydrophobic  film  which  creates  low  surface 
energy. 


Hydrogen  Embrittlement  Characteristics  of  Cleaners 


Cleaners  which  cause  embrittlement  of  high-strength  steel  fasteners  cannot  be  used  on 
aircraft  surfaces.  The  hydrogen  embrittlement  properties  of  the  candidate  cleaners  were 
evaluated  by  means  of  the  Lawrence  Hydrogen  Detection  Gouge,  shown  in  Figure  21, 
which  measures  the  hydrogen  evolution  characteristics  of  plating  and  cleaning  roiutions. 
The  hydrogen  gauge  measures  the  permeation  of  hydrogen  into  a  steel-shelled  probe 
(Figure  22).  The  pressure  change  caused  by  the  hydrogen  permeation  is  measured  elec¬ 
tronically  by  an  ionization  gouge. 

The  solutions  and  cleaners  were  checked  for  their  embrittling  characteristics  by  immersing 
the  cadmium -placed  steel-shelled  probe  in  the  cleaning  solutions  for  1  hour  and  for 
16  hours. 


The  successful  use  of  the  Lawrence  Hydrogen  Gauge  is  dependent  upon  very  close  control 
of  oil  operating  variables.  Detailed  instructions  are  given  in  the  Instruction  Manual  for 
the  Hydrogen  Detection  Gouge. y?  The  following  is  a  brief  description  of  the  test 
procedures. 


Probe  Preparation 


The  metal-shelled  probe,  shown  in  Figure  22,  was  baked  out  to  remove  residual  hydrogen. 
This  wes  done  by  placing  the  probe  in  the  Lawrence  Clean-Up  Rock  which  achieves  the 
necessary  high  temperatures  by  electron  bombardment  of  the  km  collector  plcte  within  the 
probe.  After  cooling  the  probe,  the  coated  Urea  was  masked  with  rubber  tubing  so  only 
the  metal  window  was  exposed .  It  was  then  mounted  in  the  rotating  fixture  of  a  send  blast 
unit  and  blasted  with  100  grit  alumina  for  30  seconds  with  a  pressure  of  60  ps: .  The  probe 
was  then  wiped  with  paper  toweling  wet  with  acetone  to  remove  adhering  alumina  powder . 
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Cafibrot*on 


The  probe  was  immersed  in  a  0%NaCN/5%  NaOH  both  and  cathodicaHy  etched  tor 
180  seconds  with  a  current  density  of  15  omps/ft^.  The  probe  was  then  removed  from  the 
bath,  rinsed  with  distilled  water,  and  given  a  find  rinse  with  acetone. 

The  probe  was  inserted  in  the  oven  of  the  hydrogen  defection  gouge.  The  heat  causes  o 
portion  of  the  ionic  hydrogen  in  the  metd  shell  to  be  driven  into  the  probe.  The  pressure 
changes,  measured  electronically  by  means  of  the  hydrogen  detection  gauge,  ore  propor¬ 
tional  to  the  total  hydrogen  originally  absorbed  by  the  steel  shell.  The  hydrogen  values 
obtained  in  the  calibration  step  represents  the  amount  of  hydrogen  which  will  embrittle 
rings  of  4340  steel,  heat-treated  io  260-280,000  psi  and  stressed  to  95%  of  ultimate 
tensile  strength. 


Plotirg  of  Probe 

The  calibrated  probe  was  sand  blasted  to  remove  the  oxidized  surface  of  the  window  end 
was  plated  with  a  thin  film  cf  cad*n:um  by  immersing  the  probe  in  a  stendard  plating  bath 
for  exactly  6  minutes  with  a  current  density  of  60  i5  amps/ft^.  |»  was  then  given  o 
thorough  rinse  with  cold  water  and  a  finol  rinse  with  ccetone. 


Hydrogen  Effusion  of  Cleaners 

The  plated  probe  was  placed  on  the  c-ean-up  rock  and  belted  to  remove  the  hydt-ogen 
absorbed  during  the  plating  operation.  It  was  then  immersed  in  the  cleaner  being 
evalucted  to  a  depth  Of  l/4  inch  above  the  plated  window .  The  probe  was  removed  from 
the  test  solution  end  thoroughly  rinsed  with  water  and  given  c  final  rinse  with  acetone. 
The  probe  wos  then  placed  in  the  probe  socket  eftd  inserted  irsv-c  the  oven  of  the  hydrogen 
detection  gauge  to  determine  the  amount  of  hydrogen  absorbed  by  the  steel  shell . 

The  ratio  of  the  hydrogen  evolved  by  the  test  solution  5o  tie  hydrogen  evolved  by  the 
calibrat?  »g  solution  Is  defined  as  She  "hydrogen  efriaior.  value3  of  the  test  solution,  end 
gives  an  indication  of  its  embrittlement  properties.  Hydrogen  effusion:  values  greater  than 
1 .0  ere  unccceptobie(and  represent  solutions  which  wil  embrittle  4340  high-heet-treot 
steel  In  the  time  interval  used  in  the  test.  Tables  Xlii  or yj  XSV  symmwize  the  hydrogen 
effusion  values  obtuined  fo*’  the  various  cleaners  in  a  1  -hour  irosesion  period  ud  in  a 
16-hour  immersion  period. 


The  results  of  the  l-hocr  ic jrerslon  test  indicates  that  the  Cleaner  HI  is  nsn-ercritfling 
while  the  Cleaner  IV  evolved  «4  times  rhe  maximum  allowable  hydrogen.  The  16-hour 
immersion  test  results  showed  thot  the  Cleaners  I  end  if  ere  completely  >cfe.  Cleaner  ill 
did  yield  cn  embrittling  acsoun*  of  hydrogen  after  the  prolonged  Immersion  period. 
However,  since  a  cleaning  solution  racnoify  would  no*  rsswir.  on  cm  airplane  for  more 
then  20  or  30  minutes,  any  solution  which  gives  o  hydrogen  rffusscc  value  of  less  then  :  .0 
fcr  the  1-hoar  rest  period  should  be  sore  for  use.  Independent  notched-ring  tests  on  the 
Cleaner  Ilf  conducted  fs<  the  Naval  A h  Development  Cesrter,  Philadelphia,  showed  no 
trydrogen  embrittling  efec?  within  200  fours  exposure  to  stress.  Cleaner  IV  is  the  only 
cleaner  in  the  group  which  is  obviously  embrittling  end  which  should  net  be  usd  for 
cleaning  aircraft. 
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HYDROGEN  EMSRiTTLEMENT  PROPERTIES  OF  CLEANING  SOLUTIONS 


TABLE  X?V 


HYDROGEN  EM3RiTTl£iV£NT  PROrERTIES  Of  CLEANING  SOLUTIONS 


1-Hoyf  Isssstsksn 


leaning Solutitn Cede  No.  I  Sun  No. 


Hydaoan  ESosion  Vciur* 


US 


1 

2 

Averaoe 


0.27 

0.32 

O.Zi 


IV 


Average 


1 

2 
3 

Avenoqs 


JL 


14,9 

5S.1 

9.8 

14.0 


0.19 

3.0* 

0.06 

G.10 


*Vok;es  grsctfc’  !sfln  1  -0  ineiccte  !k?  the  sabiis<>  is  e-abnjtflsa- 


*3 


Preparation  of  Environmental  Specimens 


To  evaluate  the  effect  of  the  efficiency  of  the  various  cleaners  on  the  odhesion  of  paint, 
specimens  were  fabricated  by  manufacturing  personnel  and  subjected  to  normal  subjected 
to  normal  shop  handling  and  Treatment  through  the  chemical  flnsihing  step.  After  the 
finishing  operation,  the  panels  were  placed  on  top  of  a  shop  air-conditioning  unit  near  the 
retum-alr  intake.  The  specimens  were  exposed  to  normal  shop  pollution  and  dust  for  3 
weeks.  In  addition,  one  set  of  panels  wcs  contaminated  with  hydraulic  fluid  (Mil-H-5606) 
end  baked  for  8  hours  at  300°F .  The  panels  were  separated  into  9  groups;  then  each  group 
was  cleaned  by  one  of  the  9  candidate  cleaning  methods.  Surface-energy  measurements 
were  taken  on  the  panels  before  and  after  cleaning.  Table  XV  summarizes  the  surfcce- 
energy  measurements.  The  cleaned  specimens  were  painted  In  a  production-line  spray 
booth  by  manufacturing  personnel.  The  specimens  were  sprayed  with  one  coat  of  Specifi¬ 
cation  Mil-P-23377  epoxy  polyamide  primer  and  one  coat  of  Specification  Mil-C-22750 
epoxy  polyamide  *opccot. 


Surface  Energy  Tests 


The  panels  were  cleaned  by  the  procedures  previously  described.  Surface-energy 
measurements  were  mode  on  the  panei.<  before  ard  after  cleaning.  Table  XV  summarizes 
the  surface-energy  readings  obtained  on  the  panels  cleaned  by  the  methods  just  described . 
The  panels  with  the  highest  critical  surface  tension  of  wetting  have  the  highest  surface 
energy  and,  theoretically,  the  maximum  degree  of  cleanliness.  Cleaning  methods  1,  2, 
and  9  achieved  complete  wetting  of  distilled  water  on  the  anodized  panels  ana  gave 
surface-energy  readings  of  more  them  49  dynes/cm  on  the  bare.,  clad,  and  chromate 
conversion -coated  panels.  This  comperes  well  with  the  minimum  value  for  acceptable 
paint  odhesion.  40  dynes/cm,  established  in  this  program. 

Cleaning  methods  1  and  9,  which  use  Cleaner  IV,  left  the  surfaces  mettled  with  white 
areas.  The  surface  energies  of  the  white  areas  were  greater  than  those  of  the  normal  areas, 
possibly  due  to  surface  roughness  and  powder.  Cleaner  IV  also  removed  the  sealer  from 
the  anodized  panels. 

Method  2,  using  Cleaner  III,  was  easy  to  apply.  The  cleaner  spread  evenly  and  rinsed  off 
readily  with  water.  Surface  energies  of  the  cleaned  panels  ranged  from  54.0  dynes/cm  to 
values  indicating  complete  wetting . 

Method  8,  using  Cleaner  VI,  also  gave  complete  wetting  of  the  anodized  panels,  but 
relatively  low  surface-energy  readings  on  the  other  substrates.  The  cleaner  did  not  spread 
readily  on  the  panels  with  the  chromate  conversion  coating.  An  alternate  solution  of 
Cleaner  VI,  which  did  not  contain  Stoddard  solvent,  gave  better  results. 

Both  methods  involving  the  use  of  Scotchbrite  pods.  Methods  3  and  6,  were  laborious  and 
time-consuming.  The  fine  powder  of  oxide  and  metal,  which  resulted  from  the  surface 
abrasion,  was  difficult  to  remove  by  rinsing,  and  the  surface  energies  of  the  cleaned  panels 
were  low  except  for  the  anodized  panels.  The  Sow  values  of  the  surface  energy  may  have 
been  caused  by  an  adsorbed  film  of  solvent. 

Of  the  entire  group  of  cleaning  procedures.  Method  2,  involving  Cleaner  HI,  gave  the 
best  combination  of  ease  of  application,  high-energy  surfaces,  and  uniformly  clean  panels. 


TABLE  XV 


CRITICAL  SURFACE  TENSION  OF  WETTING  OF  CLEANED  PANELS 

(dynes/cm) 


Panel  Finish 

Cleaning 

Method* 

7075-T6 

Bare 

7C75-T6 

Clod 

7178-T6 

Bore 

7075-16 

Bare 

Anodized 

7178-T6 

"Bare 

Anodized 

7975-14 

Clod 

Chromated 

i 

55*4 

63.5 

56.7 

CWf 

CW 

-cw 

2 

59.5 

68.8 

58.0 

cw 

CW 

54.0 

3 

29.4 

27.5 

13.0 

46.0 

61.2 

24.0 

4 

i3.U 

36.2 

13.0 

27.5 

24.0 

22.5 

5 

52.0 

36.2 

36.2 

13.0 

13.0 

16.C 

6 

<6.0 

16.0 

32.0 

64.0 

59.5 

22.5 

7 

49.2 

54.0 

55.4 

46.0 

— 

44.0 

8a 

27.5 

32.0 

40.0 

CW 

CW 

51.3 

8b 

64.0 

70.1 

68.9 

CW 

CW 

62.0 

9 

49.2 

58.0 

62.0 

CW 

CW 

63.5 

•See  page  53  for  detailed  description  of  cleaning  method . 
^Complete  Wetting 
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Environmental  Exposure 


One  group  of  the  pointed  specimens,  representing  each  of  the  six  substrates  cleaned  by 
each  of  the  nine  methods,  wo«  cr.oosed  to  a  salt  spray  end  Y/ea theromerer  cycle  consisting 
of  14  days  in  the  salt  spray  chamber,  7  days  in  the  Y/ectherometer,  end  14  additional  days 
in  the  salt-sprcy  charier.  The  edges  of  these  panels  were  dipped  in  cerestn  wax  to 
minimize  edge  corrosion.  A  second  group  of  panels,  duplicating  the  first  group,  was 
exposed  to  100%  relative  humidity  at  1 1GPF  for  48  hours.  The  third  group  of  panels  was 
contaminated  with  Specification  Mil-H-5606  hydraulic  fluid,  baked  ot  300°?  for  8  hours 
before  deeming .  After  cleaning,  those  panels  which  hod  been  cor.tcminatzd  win* 
hydraulic  fluid  were  pointed  with  the  epoxy  polyamide  system.  The  fourth  group  of  panels 
wes  painted  Gfter  cleaning  end  was  not  subjected  to  environmental  exposure. 

Figure  23  is  o  view  of  the  environmental  specimens  in  the  soft  ssrey  chamber.  Figures  24 
and  25  show  specimens  being  subjected  to  simulated  sun  and  rain  in  c  V/eatherocneter  unit. 
Visual  examinations  were  made  to  determine  any  obvious  detrimental  effects  of  the  venous 
exposures  on  the  coating. 

It  was  found  that  the  coating  on  the  salt-spray  Weatheromeler  specimens  yellowed  and 
become  tough  end  cohesive.  Blistering  was  observed  among  the  high  humidity  end  tempera¬ 
ture  specimens  cleaned  by  certain  methods. 

Adhesion  Tests 

The  adhesion  tests  were  conducted  with  a  “Scretchmoster*  Paint-Adhesion  Tester.  (This 
instrument  was  developed  by  the  E .  I .  duPont  Company  end  was  on  loon  to  the  Lockheed 
Research  Laboratory  from  the  Aeronautical  Materials  Department,  Naval  Air  Development 
Center,  Philadelphia,  Pennsylvania.) 

Since  the  objective  of  the  current  program  was  to  select  the  best  of  a  number  of  cleaning 
systems,  it  was  necessary  to  have  as  much  quantitative  date  as  was  obtainable. 

The  usual  paint  adhesion  tests,  the  knife  test  and  the  tope  test,  piovide  only  subjective 
data;  i.e.,  pass  or  fail.  The  EScratchmaster"  simulates  the  knife  adhesion  test  but  clso 
provides  quantitative  results.  (8)  This  instrument  scratches  a  coated  test  surface  at  o  con  stent 
rate,  while  the  load  cn  the  cutting  tool  is  varied  between  zero  load  end  full  load.  By 
measuring  the  length  of  exposed  metal  visible  in  the  scratch,  the  load  on  the  cutting  tool 
at  the  point  where  the  paint  is  no  longer  being  scraped  from  the  substrate  may  be  calculated. 
It  should  be  noted  that  the  BScratchmastern  does  not  measure  adhesion  directly  but  gives  a 
reading  which  is  also  affected  by  the  other  physical  properties  of  the  coating.  The  data 
obtained  from  this  instrument  might  not  give  a  valid  comparison  of  the  adhesive  properties 
of  two  cr  more  different  coating  systems  where  the  paint  properties  such  as  hardness, 
elongation,  and  cohesive  strength,  have  wide  variations.  However,  the  "Scratchmcster" 
is  ideally  suited  for  the  current  investigation  in  which  various  clearing  methods,  for  a 
single  point  system  ore  being  evaluated .  The  dota  obtained  provide  a  reliable  basis  for 
evaluating  point  adhesion . 

Figure  26  is  a  photograph  of  the  "Scratchmcster"  paint  adhesion  tester.  Figure  27  is  o 
view  of  specimens  with  good  and  poor  paint  cdhesion-  Detailed  instructions  for  operating 
the  "Scroichmoster"  ore  in  Appendix  B . 
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FIGURE  23  ENVIRONMENTAL  SPECIMENS  BEING  SUBJECTED 
TO  5%  SALT  FOG 
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FIGURE  25  INTERIOR  VIP*'  OF  WEATHEROMETE8 
SHOWING  XENON  LAMP 


i 
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in  cttrductlng  "ScrctcSs^er'’  adhesion  tests,  good  cpcrotir.g  tedrr>iq>»»  is  a  prerequisite 
far  resfcdacible  results .  The  oStfaiiwn^io?  juiatrete  were  ssoecicily  difficult  la  fsd 
iecaw  the  soft  ci«c5naa  altered  less  fss'jjoice  to  the  otti?g  disc  tiwi  did  the  sore 
brittle  epoxy  costing .  Once  the  cassaic  disc  hod  c«J  thswjH  the  organic  ccctlng  wd  ^5 
into  the  clod  asstnae,  bore  metal  was  exposed  for  the  entire  disc  travel  d  !4  ceotisaeSess. 
The  proofed  wes  solved  by  opewita  with  ns  weight  except  Hfit  cf  the  carriegs  ad 
dbscH^  the  erssiege  weight  to  initiate  She  scratch  cs  the  cutting  disc  saved  cioag  the  ^ 
surface-  This  techsnicoe  provided  reproducible  results  on  the  ctod  substrates.  Sn  cases  if 
poor  Paint  adhesion,  it  ns  fard  the?  the  cutting  disc  *5®*?d  ride  up  ssadses  or.  fdnt 
chips  before  the  scratch  wes  coep feted.  In  such  cases,  the  cutting  cac  should  ca  rrssact 
by  lifting  the  balance  era,  cleared  of  paint  fldcss,  returned  to  5  position  ssccdsg  the 
point  c?  which  it  rode  up  cn  the  flats,  end  cllowed  t>  finish  the  scratch. 

Tables  XVI  though  XXI  svasanze  the  results  of  the  adhesion  tests.  The  isura&ers  h  toe 
cekssass  represent  the  kilqgrssss  of  bed  cn  she  carting  tool  c&  the  point  where  the  scant 
fife*  »$  penetrated  cod  ocse  esafa!  s  exposed.  The  better  the  adherence  cf  the  tibs.  the 
greater  the  hod  required  hr  rccvcl  ?  Since  the  efficiencies  cf  the  various  cleaning 
methods  depend  cm  vssktictsj  c$  the  saessl  surfaces,  o  uepcsctc  Sale  aes  been  ccepsled  fee 
each  cf  the  szx  substrates.  The  first  cofesan  of  each  teste  gives  toe  cade  bus*?  ce  the 
cleaning  pacedare  used  in  preparing  the  payrfs  before  painting. 

effect  of  CieanSna  Methods  00  Adhesion  - 

--  ------  —  —  — 

Metres!  1  -  This  method,  m  general  providec  exceifen?  cohesion  co  d!  Sub- 
sfietes.  A  cloudy  ssfece  remained  cSer  cleaning,  but  it  did  sd 
effect  cohesion  or  ssxfoce  energy-  This  method  wes  the  scst 
efficient  in  reserving  the  bdfced-ao  hydraulic  3utd.  However,  she 
components  of  this  ccapc and  that  provide  its  effectiveness  also 
cause  hydrogen  ecbrlftitBeat of  hsch-stxergth  steel. 

Method  2  -  This  method  was  fust  as  effective  as  1  and  9,  except  tbcf  if  did  ret 
effectively  reserve  toe  be&ed-co  hydraulic  fluid  hoa  the  anodized 
and  chroEssisd  substrates. 

Method  3  -  The  results  of  this  sscihod  were  poor.  It  was  ineffective  in  removing 
the-  hydraulic  fluid  f;ga  ell  of  the  sufcssicrtes.  The  costing  b sad 
poor  adhesion.  In  addition,  blisters  were  caaaoa  an  jpeefees 
exposed  to  high  hsi'dHy,  cod  blisters  appeared  occasionally  on 
specimens  exposed  to  the  salt  sao/-*ed«rK5der  cycle. 

Method  4  -  A  fcw-ensscy  surface  resulted  from  the  use  cf  this  cleoner- 

Ajpaenlly,  a  carryover.:  in  the  cleaner  vss  odscraed  to  the  sub¬ 
strate,  cd  this  contamination  caused  the  low  surface  energies- 
Th;s  ci£cnn  did  not  effectively  tease  the  hydraulic  tfuid.  The 
sdhson  values  of  specimens  exposed  to  190%  relative  humidity  cf 
I llP?  «?e  consistently  low. 

Method  5  -  This  methsd,  which  involves  o  sproycble,  bsnd-strippcfele  protective 
fils*,  provides  excellent  protection  (gainst  cantaainsijon.  The 
film  was  ccplied  after  cleaning  of,  in  the  case  of  the  anodized  end 
chromcted  substrates,  cf(er  processing.  .After  the  exposure  to 
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TABLE  XVi 


SCKATCHSAASTEfc  ADHESION  TEST  RESULTS 

SsidfiSe  -  7u75~T©  Sse  Al^naa  Alloy 
(Exposed  to  2  wesfa  cS  sh»  coatoatncfeii  sersre  cleaning) 


Cleosfeg 

lAd’ttd* 


|  Load  on  Cutter  ci  End  ?ai*5  (Kgd 

1  j  ScitScroy- 

|  ->  v‘-  «  WecStefJsE 

j  rcRjKg  | 
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3656 

Hydrojilc  Fluid  i 

i  \ 

t  *28  rievrs  |  I 

103%  SH,  |  Total  i 

•w*  i  ! 

s  | 
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i  K0i  j 

|  0.49 
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0.96 

0.33 
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3  ! 

0.87 
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i 

0.33 

Fcikire  1  0.^ 

4  | 

FeSksr* 
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0.81 

\  f  takes  i 

0.24 

5  ! 

0.77 

1 

0.83 

!  0.85  j 

[  0.25 

6  1 

G.92 

G.£4 

0.27  |  d.50 

7  j 

0-Si 

j 

G.74 

0.31  j  0.43 
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S  1 
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0.23 

9 

G.S5 

0-74 
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*Se*  pegs  33  fee  detailed  skscncsioa  aS  ctesnisg  sagSnocs. 

‘’rcifcss'*  indicates  Sad  odbessac s  wes  so  pace  Sect  is  was  net  w»ir>.  toe  less  large  c?  -fee 
ScxarchseaSer  ae  ScJ  Sis*  Ssssnt  ildca;  ewer  lag*  cress  Asing  das  K 


TA3l£  XYls 

SC5AT GiWAS » ES  ADHESION  TEST  RESULTS 


StaJisfe  -  73/3-76  Clod  ASsasws  ASfcy 
goosed  so  3  «tAs  cs  sso  cccJaaisdioji  Serora  cleaning) 


|  Cleaning  ; 
M»So3 

1 

Lead  on  Cutter  a  End  Point  (Kcsj  ! 

_ _ _ _ _ _ _ . _  ~  .  _  1 

?do  Exacts** 
«at«r 
?3itn?g 

c  ,.  c  S  CcG}o%K3d  1  4S  Hturs  j 

v? 'j£?  -  [  5505  (  1C03.3H.  ! 

|  Hy-ojiic  FfeW  j  UOPF 

| 
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, 
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!  2 
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|  ftT 
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{  1 
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0.32 
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0.S5 
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0.35 

G.c8 

0.53 
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0.14 

0.93 

0.27 

0.76 

0.45 

0.25 

; 

3.75} 

0.13 

0.75 

0.15 

0-23 

0.47 

C.45 

0.17 

0.52 
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2.93 
2.33 
2.50 

KS7 
2-79 
i  2.33 
2.57 
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*  I  »  t  t 
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$€2ATCHMASTE2  adhesjcn  test  results 


5vbswee  -  71  ‘*3-76  Sore  ASaamaa  Alloy 
JExaosed  to  3  wsiis  o  3 bo?  caniaalsa^r  bsort  clecnir^) 


TABLE  XiX 

SCSATCHUASTE3  AD st£SK>?3  TEST  £rSUlT5 


Sateitrcre  -  7Sf~r~ T6  Sore  AoodSzsS  Alajasaas  ASifey 
IEj«?os«s5  s©  3  weeks  cf  ssep  cse£ss3»s£icQ  hsszee  dggajggj 


TAS&3CX 

SCs^ICts^SsS  AwHSiOi'S  TEST  SESUiTS 


SvgaJii'jg-*  -  7173-T5  Sore  Anedisid  Asarsarasa  Alky 
iSiCjd  to  3  »*tb  of  s5=c§s  caaSarasscsacia  bs&ars  cS*ce«n§j 
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Sefasreeg  -  22f5-T6  God  G vsrsrsSa^  Gk 
SE*?osed  to  3  %«*=fci  cc  see  cossorsfecwos  bebs 
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contamination,  the  film  was  stripped  from  the  specimens,  and  they 
were  painted  without  any  additional  cleaning.  The  specimens  were 
deliberately  contaminated  with  hydraulic  fluid  by  applying  the  fluid 
over  the  film  and  allowing  it  to  remain  in  contact  for  24  hours. 

R  suits  indicate  that  the  hydraulic  fluid  does  not  permeate  through 
the  fi  Im . 

Method  6  -  This  method  is  similar  to  Method  3,  except  that  water  is  substituted 
for  MEK  as  the  liquid  in  the  scouring  processing.  There  was  no 
significant  blistering  with  this  method  and  its  efficiency  in 
removing  hydraulic  fluid  is  better  than  that  of  Method  3.  However, 
the  low  adhesion  results  on  untreated  substrates  contaminated  with 
hydraulic  fluid  and  generally  lower  adhesion  values  from  the  high 
humidity  conditioning  cause  this  method  to  be  rated  lower  than 
Method  2.  Adhesion  values  from  different  panels  exposed  to  the 
same  conditioning  were  often  erratic. 

Method  7  -  This  method  involves  a  sprayable  protective  film  removed 

chemically.  Its  performance  is  comparable  with  Method  5.  The 
choice  between  the  two  methods  would  depend  only  on  the 
economics  or  preference  of  the  type  of  removal  procedure: 
chemical  or  hand-strippable. 

Method  8  -  Cleaner  VI,  diluted  with  a  mixture  of  water  and  Stoddard  solvent, 
was  used  in  the  laboratory  evaluation  of  this  procedure  and  gave 
good  reults  on  all  tests.  Several  months  after  the  laboratory 
evaluation  was  under  way,  Lockheed-Georgia  began  to  use 
Cleaner  VI,  diluted  with  water  only,  for  cleaning  production 
aircraft.  Since  this  formulation  was  giving  excellent  results, 
chromated  7075-T6  dad  aluminum  panels,  cleaned  with  Gn  aqueous 
diluticn  of  Cleaner  Vi,  were  subjected  to  the  battery  of  environ¬ 
mental  and  cdhesion  tests.  The  results  are  listed  in  Table  XXI. 

The  elimination  of  the  Stoddard  solvent  improved  the  adhesion 
values  on  the  panels  subjected  to  high  humidity  at  110°F  and  on 
panels  contaminated  with  hydraulic  fluid.  Based  on  these  results, 

Method  8,  with  no  Stoddard  solvent,  was  selected  as  one  of  the 
two  best  cleaning  procedures. 

Method  9  -  This  method  is  the  same  as  the  previous  Method  1 ,  except  that  a 
final  phosphate  rinse  was  added  to  improve  adhesion.  The  phos¬ 
phate  rinse  did  not  improve  adhesion.  All  other  comments 
concerning  Method  1  apply  to  this  method. 

The  cleaning  methods  were  compared  by  adding  the  adhesion  values  obtained  for  each  of 
the  four  test  conditions  (Tables  XVI  through  XXI),  and  ranking  the  totals  for  ecch  substrate, 
the  highest  adhesion  total  being  assigned  5  points  and  the  lowest  total  assigned  1  point. 

The  cleaners  which  were  disqualified  because  of  hydrogen  embrittlement  characteristics 
and  the  methods  which  included  the  use  of  strippable  protective  films  were  not  considered 
in  the  final  rankings.  The  strippable  protective  films  were  extensively  evaluated,  along 
with  other  temporary  protective  films,  at  the  Lockheed-Califomia  Laboratory.  Table  XXII 
summarizes  the  ranking  of  the  qualified  cleaning  methods  and  gives  the  grand  total  for 
each  method  on  all  substrates.  The  highest  point  total  represents  the  method  providing  the 
best  overall  paint  adhesion. 
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PERFORMANCE  RATINGS  OF  THE  VARIOUS  CLEANING  METHODS  ON  SIX  SUBSTRATES 
Ratings  i -5 represent  relative  adhesion  values.  Highest  value  is  5. 


Method  2 1  frhich  OSw  CiCCPC  r  !!!,  hod  the  highest  rating  of  the  eleonino  procedures 
eligible  for  consideration .  Methods  6  and  8  ranked  second  and  third  in  total  adhesion 
scores.  Method  6  involves  the  use  of  Scotchbrite  pods  and  Method  8  uses  Cleaner  VI . 
Mtethod  8  gave  the  best  performance  of  any  of  the  cleaners  on  the  chromated  substrate 
which  is  of  primary  significance  in  this  evaluation.  Method  6  required  considerably  more 
hand  labor  and  was  prone  to  blistering  when  exposed  to  100%  relative  humidity  at  120°F. 

On  the  basis  of  this  analysis,  Methods  2  and  8,  which  use  Cleaners  HI  and  VI  respectively, 
were  selected  as  the  cleoning  procedures  for  use  in  the  field  rests  on  Navy  C-130  and 
P-3B  aircraft. 
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IV  -  LABORATORY  EVALUATION  OF  STRiPPABLE  COATINGS 


6  cla«i  aluminum  alloy  were  fabricated,  cleaned,  end  chromated  with 
»ing  Lockheed-Caiifomia  procedures  throughout.  They  were  immediately 
hand-peelable  and  five  chemically  removable  protective  coatings.  One 
.as  sent  to  Point  Loma,  California,  for  outdoor  exposure  tests.  The 
panels  was  subjected  to  o  battery  of  evaluation  tests. 


Test  Codings 

hond-peeloble  coatings  were  coded  as  Nos.  10,  12.  14,  16,  and  18.  The  chemically 
.lovable  coatings  were  Nos.  11,  13,  15,  17,  and  19.  (The  manufacturer  and  .endor 
.esignetions  correspo>'  Jing  to  each  number  ore  listed  in  Appendix  A.) 


Test  Specimens 

The  7075-T6  clod  aluminum  specimens,  three  per  test,  were  3  x  6  x  0.04  inches  in  size, 
except  for  the  table  obroder  panels,  which  were  4  x  4  x  0.04  inches*  The  chemical iy 
removable  coatings  were  2  mils  thick,  and  the  hcrtd-peeicbie  coatings  were  3  mils. 


Test  Procedu.es 


The  hand-peelable  coatings  were  applied  to  Aiodir.e  1200  treated  panels.  These  were 
then  subjected  to  the  Lockheed-Caiifomia  cleaning  and  chromating  process,  consisting  of 
an  alkaline  cleaning,  deoxidizing,  alkaline  etch,  deoxidizing,  chromic  acid,  deoxi¬ 
dizing,  Alodine  1200,  hot  rinse,  and  hot-air-dry  sequence.  The  chemically  removable 
coatings  were  subjected  to  the  same  test  sequence,  except  tor  the  alkaline  cleaning,  which 
would  have  removed  the  coatings.  The  cocted  panels  were  then  subjected  to  the  following 
tests: 

1 .  Scratch  and  mar  resistance  (ASTM  D2197-63T) 

2.  Heat  resistance  {Fed-Std-141,  Method  6051) 

3.  Bending  over  conical  mandrel  (ASTM  D522-60) 

4.  Taber  Abraser,  1000  gr.?  load  CS-T7  wheel  (Feb-Sfd-141a,  Method  6192) 

5.  Drill  ond  countersink 

6.  Ease  of  removal 

7.  Wet-patch  tape  test  after  panels  were  coated  with  P-3  paint  system  (Fed-Std-141, 
Method  6301 . 


57 


8.  Outdoor  exposure  of  two  coated  panels  on  racks  at  Pt,  Lomo,  California. 


Test  Results 


The  results  of  the  laboratory  evaluation  tests  of  the  strippable  coatings  ere  summarized  in 
Tables  XXIII  through  XXVI.  Three  of  the  five  hcnd-peeloble  coatings  withstood  the  test 
sequence.  Of  these  three.  Coating  No.  14  was  best  able  to  withstand  drilling  and 
countersinking,  ieaving  good  edge  definition  with  the  least  amount  of  fraying. 

All  of  the  chemically  removed  test  coatings  could  be  reodily  drilled  and  countersunk. 
Coating  No.  15  was  the  hardest  to  remove  after  heat-oging  for  one  hour  at  300°F. 
Coatings  No.  13,  17,  and  19  cracked  upon  flexing.  However,  Coating  No.  11  was 
consistently  good.  It  hod  good  spravability,  it  flexed  without  cracking  on  a  conical 
mandrel,  and  it  could  be  removed  easily  before  and  after  heat-aging  ot  30C°F  for  one 
hour.  The  Tober  abrasion  and  Taber  scratch  tests,  before  and  after  baking,  produced 
results  indicating  that  Coating  No.  11  is  acceptable. 

On  the  besis  of  the  evaluation  tests,  the  best  of  the  hano-strippabie  coating3  is  Coating 
No.  11,  and  the  best  of  the  chemically  removable  coatings  is  Coating  No.  14.  Both 
coatings  are  compatible  with  Rule  66  for  the  prevention  of  atmospheric  contamination 
(County  of  Los  Angeles-Air  Pollution  Control  District  -  July  28,  1966).  The  two  coatings 
will  be  applied  to  fuselage  pcnels  for  a  production  P-3B  aircraft  (No.  5510).  The  aircraft 
will  be  inspected  six  months  after  it  has  been  painted  and  put  into  service.  Because  of  the 
long  delcy  between  the  fabrication  of  fuselage  panels  and  the  cleaning  and  painting  of  the 
finished  aircrcft,  the  pcnels  with  the  strippable  coatings  could  not  be  placed  on  the  same 
aircraft  which  serve  as  a  test  bed  for  the  cleaning  procedures. 
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EVALUATION  OF  HAND-PEELABLE  COATINGS 
(Processed  per  Colac  MPS  1000,  Code  3623) 
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TABU  XXVI 

EVALUATION  OF  HAND-PEELABtE  COATINGS 


(Continued  on  next  poge) 
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PRODUCTION -LINE  EVALUATION  Of  STRIP? ABLE  COATINGS 


Acpikcftsr.  of  Cccli^s 


On  the  bcsis  of  bb&ciay  evolution  :ah,  reported  in  deioi!  in  Reference  1 ,  she  best  of 
the  bcrsd-strippcble  coolings  was  No .  i  1 ,  *  as  the  best  os  the  cHrakoliy  rssOA^ie 
costings  wm  cocstirsg  No.  it. 

To  evaluate  s>e  cblllty  of  the  ccc’tngs  h>  protect  efisebsisen  certs  ojrcg  processing  end 
assembly  operations,  sJrippebie  coating  No.  1 1  «os  epplied  to  two  edpess:  srsixid  P-3 
s  m  panels  (P  M  9D3735-45  end  rO3730’-57},  asc  sirippeale  escsi^g  No.  14  wa  *^»iied 
to  two  edjocent  portsice  Ain  panels  (?  N  9D3 723-3  aad  933723-5).  The  location  a*  the 
skin  panels  on  the  P-3  fuse  lege  Is  snoan  in  Fears  2£. 

Both  coatings  were  sprayed  only  an  the  sxJeric-r  sides  of  ira  panels.  Coating  No.  U.  the 
hod-sSrisccble  coating,  wos  applied  before  the  parcels  went  through  the  cleaning, 
deoxidizing,  end  A  Iodine  lines.  C  acting  No.  li,  tie  cfescclly  reoTro'rie  esetisg,  was 
applied  otter  the  cleaning,  deoxidizing,  end  A  Iodine  treatments.  The  anterior  sides  of  dl 
rhe  panels  were  protected  by  chcthra=c!e  criasr  epplied  o vox  surfaces  treated  with 
A  iodine  1 200 . 

Prior  to  the  application  of  CocSipg  No.  14,  she  panels  were  deceased  by  wiping  ties 
with  ssethyl  ethyl  Ketone.  They  were  then  wahsd  with  c  phosphoric  card  ejects  cod 
were  thoroughly  rinsed  and  dried.  Doe  to  the  large  size  of  the  skin  panels,  sense  difneusty 
was  encountered  in  completely  rewxrcg  the  phosphoric  cc»d.  Abo,  the  spgsying  of  the 
viscous  No.  14  zoctirtg  materiel  required  considerable  skill  an  the  pot  of  the  painter. 

The  application  of  coathxj  No.  i  I  proceed eu  smoothly  atd  presented  ne  dinkuli-s. 

After  being  coated,  the  skin  panels  were  taken  So  the  fuselage  cssedbly  area  cf  the  pknf, 
where  they  were  drilled,  countersunk,  or-d  rwehc.  In  cddifbs,  w«dr«s  were  cat  out  by 
msons  cf  a  router-  The  peneb  were  installed  in  P-3  Aircraft  No.  55c.  The  pafeSw 
coatings  reaobeo  on  the  test  peneb  until  the  aircraft  was  cared  fc  the  print  shop.  At 
that  time,  fe  coatings  were  removed,  the  Entire  aircraft  was  jubiecied  to  nomoi  eigen  log 
operations,  end  the  primer  end  top  coots  were  applied. 


Test  results 


Tie  hond-stricpcble  coating  No.  14  provided  good  protection  L-r  the  eksshoa  peneb 
through  the  alkaline  cleaner,  deoxidizer,  end  A  iodine  treatments.,  Drilling,  rooting,  and 
riveting  egerstiaos  were  successfully  performed  on  She  coated  pKsfe.  Ccc*bg  No.  14  b 
viscous  csd  Is  difficult  ?o  apply  uniformly.  hut  the  spsyhg  cittsculSies  could  be  ahiaiisd 
through  the  use  of  airless -spray  equipment. 


*Ex£f«.rss«Jsi  coatings  are  identified  in  Appendix  A. 
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The  chemically  rempvanle  canting  No.  1  1  .  which  was  applied  after  the  panels  had  been 
processed  through  the  chemical  cleaning  line,  also  held  up  well  during  the  drilling, 
riveting,  and  routine  operations.  Because  it  is  a  hard  coating,  it  is  extremely  scratch- 
resistant. 

Ihe  four  panels  which  were  covered  with  the  strippable  coatings  were  protected  from 
abrasion  and  scuffing,  and  the  surfaces  were  kept  clean  .  Because  additional  time  wos 
required  for  special  set-up  of  the  panels  for  application  of  the  strippable  coatings,  it  was 
difficult  to  establish  reliable  cost  parameters.  However,  the  cost  of  applying  strippable 
coatings  on  a  routine  basis  would  be  comparable  to  that  required  for  the  application  of  a 
one-component  paint. 


VI  -  APPLICATION  OF  BEST  CLEANING  PROCEDURES  TO  AIRCRAFT 


Application  of  Best  Procedures  to  C-130  Aircraft 

The  two  best  experimental  cleaning  procedures  were  applied  to  PAR  Mod  C-130  circraft 
#150685.  The  usual  sequence  in  overhauling  a  Navy  C-130  is  to  remove  the  engines, 
scrub  the  wheel  wells  and  engine  mounts,  strip  the  white  cap  and  walkway  coatings  from 
areas  which  are  to  be  repainted,  give  the  aircraft  a  thorough  first  cleaning,  make 
necessary  repairs  and  modifications,  give  the  aircraft  a  second  cleaning,  and  apply  the 
paint  system . 

The  principal  test  area  is  the  top  of  the  fuselage  (see  Figure  29),  which  is  coated  with  the 
white  epoxy  paint.  As  this  area  is  cleaned  twice,  once  after  the  old  coating  is  stripped 
and  once  immediately  before  the  final  coating  is  applied,  it  was  decided  to  use  the  experi¬ 
mental  cleaning  procedures  for  both  cleaning  operations.  Cleaner  VI  was  applied  to  the 
port  side  of  the  aircraft  and  Cleaner  111  to  the  starboard  side. 

Figure  30  is  a  view  of  C-130  aircraft  #150685.  Figures  31,  32,  33,  and  34  are  closeup 
views  of  the  four  major  test  areas.  The  white-capped  upper  portion  of  the  fuselage  was 
stripped,  cleaned  by  the  experimental  procedures,  cleaned  again  after  the  4-week  over¬ 
haul  and  repair  period,  and  then  repainted. 

The  two  best  cleaners  were  applied  cccording  to  the  following  procedures.  Steps  1  through 
6  were  common  to  both  the  first  and  second  cleaning.  Step  7a  was  applicable  to  the  first 
cleaning  only,  and  steps  7b,  8,  and  9  were  used  in  the  second  cleaning. 

1 .  Dilute  cleaners  -  Cleaner  VI  (First  cleaning:  1  part  cleaner  to  5  parts  water) 

(Second  cleaning:  1  part  cleaner  to  7  parts  water) 

-  Cleaner  III  (1  part  cleaner  to  i  part  water) 

2.  Spray  or  brush  apply  cleaner  to  aircraft  surfaces. 

3.  Allow  cleaner  to  soak  a  minimum  cf  ten  minutes.  Reapply  as  necessary  to 
prevent  cleaner  from  drying  on  surface. 

4.  Scrub  with  brush. 

5.  Flush  thoroughly  with  water. 

6.  Reapply  cleaner,  asnecessar/,  to  obtain  a  clean  surface  and  rinse  again.  Usea 
generous  amount  of  water  to  v.ompletely  remove  chemicals.  Start  at  the  bottom  and 
rinse  up  to  the  top,  fol  lowed  by  another  rinse  from  the  top  downward  to  the  bottom . 

7a.  (First  Cleaning  Only)  Spray  surfaces  with  0.2  to  G.3  percent  chromic  acid  solu¬ 
tion  to  obtain  neutral  or  slightly  acid  (litmus  paper  red)  surfaces.  Allow  acid 
solution  to  dwell  on  surface  2  to  5  minutes  followed  by  a  water  rinse. 

CAUTION:  Do  not  allow  the  chromic  acid  to  dry  on  the  surface. 

7b.  (Second  Cleaning)  Apply  Mil-C-5541  chemical  surface  treatment  rir.se  with 
water,  end  air  dry  2  to  12  hours. 
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Preceding  page  blank 


FIGURE  29 


TEST  AREAS  ON  NAVY  C-130  AIRCRAFT  NO.  150685 
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8.  (Second  Cleoning)  Thoroughly  wipe  surfaces  with  clean  rags  moistened  with  clean 

i«ODroDvl  or  butvl  nlrohnl  to  romnuo  r»«!rlnnl  mr>i«hir»  nrtd  mwn#»r  from  ehsmlrn! 

- |  g  - - ,  - - - •"  - - *  —  * - - -  — I - - - - -  * - - - 

surface  treatment. 

9.  (Second  Cleaning)  Apply  paint  system  as  soon  as  possible. 

Special  precautions  were  taken  to  prevent  liquid  from  one  test  arec  from  running  over  the 
adjacent  test  area.  This  was  done  by  masking  one  half  of  the  top  of  the  fuselage  when  the 
other  half  was  being  cleaned. 

The  C-130  did  not  require  a  controi  area  because  Cleaner  VI,  which  gave  the  second-best 
results  on  the  laboratory  tests,  is  the  stana’ard  cleaner  used  at  Lockheed-Georgia  for 
cleaning  prior  to  painting . 

At  the  end  of  the  first  cleaning  sequence,  a  chromic-acid  rinse  wos  used  to  protect  the  bare 
aluminum  from  corrosion  wht  le  the  repairs  and  modifications  were  being  mode .  At  the  end  of  the 
second  cleaning ,  the  surface  was  given  a  conversion  treatment  and  was  then  thoroughly  wiped 
with  rags  moistened  with  isopropyl  or  butyl  alcohol  to  remove  residual  powder  and  moisture. 

After  the  C-130  aircraft  had  been  subjected  to  the  first  cleaning,  surfcce-energy  readings  were 
taken  on  both  sides  of  the  aircraft.  Table  XXVII  summarizes  the  data  obtained. 

TABLE  XXVII 


SURFACE  ENERGY  MEASUREMENTS  ON  KC-130  AIRCRAFT 
AFTER  FIRST  CLEANING 
(dyne/cm) 


Port  Side 

Starboard  Side 

Front  Fuselage  -  Top 

55,  60,  54 

58,  55,  55 

Wing  Panel  -  Front 

54  ,  54,  60 

40,  40,  36 

-  Rear 

o 

CO 

CO 

00 

34,  3?.,  28 

Empennage 

51,  61,  54 

58,  54,  61 

Wheel  Well  -  Top 

36,  54,  38 

61,  60,  60 

-  Front 

58,  58,  61 

-  Middle 

16,  12 

-  Rear 

54,  46 

The  above  data  dramatically  emphasize  the  wide  variation  in  the  cleanliness  obtained  by 
merely  applying  a  cleaner  to  an  aircraft,  brushing  the  surfaces,  and  rinsing  the  surfaces 
with  water.  However,  this  was  a  preliminary  cleaning  operation.  The  second  cleaning 
procedure  includes  steps  which  assure  a  more  uniform  surface,  condition  prior  to  painting. 

The  port  side  of  the  aircraft  was  clecned  with  Cleaner  V!  and  the  starboard  side  with 
Cleaner  III .  Where  the  surfaces  were  thoroughly  scrubbed,  such  as  the  top  of  the  wheel 
well.  Cleaner  II!  gave  higher  surface  energies  than  did  Cleaner  VI.  This  was  consistent 


with  the  results  of  the  laboratory  tests.  The  surfoce  energy  reading*  on  the  starboard  side 
of  the  fuselage  and  wing  surfaces  were  somewhat  lower  than  the  port  side  readings.  It  was 
observed  that,  in  an  effort  to  prevent  overspray  to  the  adjacent  test  arec,  Cleaner  Ilf  was 
not  as  generously  applied  to  the  top  of  the  fuselage  as  to  thesidesand  the  wheel  wells. 

Aircraft  1506S5  was  given  the  second  cleaning  and  was  painted  on  September  13th. 

Figure  35  is  a  photograph  of  the  aircraft  after  the  painting  operation.  Table  XXVIII 
summarizes  the  surface  energy  measurements  which  were  made  after  the  second  cleaning . 


TABLE  XXVII! 


SURFACE  ENERGY  MEASUREMENTS  ON  C-130  AIRCRAFT 
AFTER  SECOND  CLEANING 

(dynes/cm) 


Port  Side 

Starboard  Side 

Front  Fuselage  -  Top 

C.W.‘  C.W. 

66,  68,  68 

Wing  Panel  -  Front 
-  Rear 

46,  59.5,  54 

63,  63,  59.5 

64.5,  66,  65.5 

65.5,  65,  64 

Empennage 

C.W.,  C.W. 
C.W.,  C.W. 

C.W.,  71,  C.W. 

69.5 

Wheel  Well 

C.W.,  C.W. 

C.W.,  C.W.,  64,  63,  63 

‘Complete  Wetting 


After  the  second  cleaning,  the  surface  energies  of  the  aircraft  were  considerably  higher 
than  after  the  first  cleaning.  The  applied  droplets  completely  wet  the  surface  in  many 
instances.  On  the  wing  panels,  the  surface  energies  were  slightly  higher  on  the  starboard 
side,  where  Cleaner  III  was  used.  With  that  exception,  there  was  little  difference  in  the 
ability  of  the  cleaners  to  yield  a  clean,  high-energy  surface. 

Cleaner  III  clung  to  the  surface  tenaciously  after  the  application  and  scrubbing  operation 
and  was  more  difficult  to  rinse  off  completely.  Also,  brush  marks  were  visible  where 
traces  of  the  cleaner  remained  on  painted  surfaces.  Approximately  10  manhours  of  extrc 
hcmd  scrubbing  were  required  to  remove  these  streaks  from  the  storecard  side  of  the 
aircraft. 


Cost  Parameters 


With  the  exception  of  the  hand  labor  required  to  remove  brush  marks  from  pointed  surfaces 
when  Cleaner  III  was  used,  there  was  no  significant  difference  in  the  time  required  to 
apply  and  rinse  the  two  cleaners.  Following  is  a  breakdown  of  the  manhours  and  materials 
cost  for  the  cleaning  operations  on  C-130  Aircraft  No.  15G685.  (Total  surface  area  - 
9000  sq.  ft.) 
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Material  t-osts  (for  eoch  cleaning  of  enfire  aircraft) 

40  gai Ions  C leaner  VI  @$  2.00/goI  $80.00 

40  gallons  Cleaner  III  @  $1Q. 00/gal  $400.00 

Assuming  a  labor  cost  of  $5. C0/hr,  the  cosf  per  sq.  ft.  of  surface  for  Cleaner  III  is: 

100  manhours  x  $5.00/mcnhour  +  40  qol  cleaner  x  SIO.OO/uol  _  en  /r7 

9000  sq.  ft?  - 50.091/ft 


The  cost  per  sq.  ft.  using  Cleaner  VI  is: 

90  manhours  x  $5»0Q/n»onhour  40  qol  cleaner  x  $  2.00/qal 
""  $000  sq.  ft. 


=  $0.C5?/ft2 


Applicotion  of  Best  Cleaning  Methods  to  New  P-3  Aircraft 


To  evaluate  the  effectiveness  of  the  cleaners  and  to  establish  cost  parameters  for 
production-line  cleaning  procedures  for  new  aircraft,  the  two  best  cleaning  procedures 
were  applied  to  aircraft  No.  5286,  a  P-33  aircraft  manufactured  for  the  Navy  by  the 
Lockheed-Coiifomio  Company.  (See  Figures  36  end  37.)  The  procedures  were  modified 
by  the  inclusion  of  a  solvent  wipe  to  remove  oily  contaminants  accumulated  during  manu¬ 
facture.  The  fuselage  was  cleaned  by  the  standard  Lockheed -California  method  using 
Scotckbrite  pads.  The  wings,  which  are  assembled  arid  cleaned  before  being  joined  to  the 
fuselage,  were  used  as  the  test  areas  for  the  experimental  cleaning  procedures. 

The  current  Lockheed -California  procedure  for  cleaning  the  P-3  aircraft  is  as  fellows: 

1 .  Clean  surfaces  with  methyl  ethyl  ketone . 

2.  Wipe  using  petroleum-base  solvent,  LAC  32-367. 

3.  Scrub  surfaces  with  Scotchbrite  pods  end  water. 

4.  Wash  with  phosphoric  acid  cleaner,  LAC  32-260. 

5.  Rinse  with  water. 

6.  Apply  MIL-C-554I  chemical  conversion  treatment.  Rinse  with  water.  Air-dry 
2  to  12  hours. 

7.  Wipe  with  mild  acid  cleaner,  LAC  32-266. 

8.  Wipe  using  petroleum  base  solvent,  LAC  32-367. 
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FIGURE  36  F®Ofil£  ViEWS  CF  P-35  AI8C2AFT 


The  procedure  for  application  of  the  two  test  cleaners,  modified  to  adapt  -a  production 
conditions  for  new  aircraft,  is  described  below.  The  port  wing  of  the  aircraft  was  cleaned 
with  Cleaner  V!  (1  part  ebener  to  5  parts  water)  and  the  starboard  wing  with  Cleaner  III 
(1  part  cleaner  to  I  part  water). 

1  .  Clean  surfaces  with  methyl  ethyl  ketone. 

2.  Wipe  using  petroleum  base  solvent. 

3.  Spray  or  brush-apply  cleaner  to  wing  surfaces.  Allow  cleaner  to  soak  at 
least  10  minutes.  Reapply,  as  necessary,  to  prevent  cleaner  from  drying  on 
surfaces. 

4.  Scrub  surfaces  with  brush. 

5.  Flush  thoroughly  with  water. 

6.  Test  dry  surface  with  Surfascope  to  determine  the  relative  cleanliness.  Reapply 
cleaner,  as  necessary,  to  obtain  acceptably  clean  surfaces  (surface  energy 
greater  than  40  dynes/cm),  and  rinse  again.  Use  a  generous  amount  of  water  to 
remove  chemicals  completely. 

7.  Spray  surfaces  with  0.2  to  0.3  percent  chromic  acid  solution  to  obtain  a  neutral 
or  slightly  acid  (litmus  paper  red)  surface.  Allow  acid  solution  to  dwell  on 
surface  2  to  5  minutes;  then  rinse  with  water.  (CAUTION;  Do  not  allow  the 
chromic  acid  to  dry  on  the  surface. 

8.  Apply  M1L-C-5541  chemical  conversion  treatment.  (CAUTION;  Do  not  allow 
the  solution  to  remain  on  the  surface  longer  than  5  minutes.)  Rinse  with  water. 
Air-dry  2  to  12  hours. 

9.  Thoroughly  wipe  surfaces  with  clean  rags  moistened  with  clean  isopropyl  or  butyl 
alcohol  to  remove  residual  powder  and  moisture. 

The  port  wing  of  P-3B  aircraft  No.  5286  was  cleaned  on  August  5th  and  the  starboard  wing 
on  August  7th,  using  the  experimental  cleaning  procedures.  The  wing  was  masked  in 
certain  areas  and  placed  in  a  vertical  positior  surrounded  by  scaffolding.  The  workmen 
found  that  Cleaner  Vi  was  easier  to  apply  and  rinse  than  was  Cleaner  511.  The  oniy  prob¬ 
lem  encountered  was  that  a  high-pressure  water  stream  loosened  the  masking  paper  on  the 
starboard  wing  and  allowed  some  of  the  Cleaner  III  to  enter  the  nacelle  areas.  Table  XXIX 
lists  the  surface  energy  reodings  after  each  wing  was  cleaned. 

The  readings  indicate  that  a  high  degree  of  surface  cleanliness  was  achieved.  On  the 
starboard  wing,  where  Cleaner  III  was  used,  every  test  resulted  in  complete  wetting  which 
indicates  a  surface  energy  of  more  than  72.4  dynes/cm.  On  October  1,  1968,  numerous 
wet-patch  tope  tests  were  performed  on  the  two  wings  of  aircraft  No.  5286.  All  results 
were  satisfactory. 
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TA3LE  XXIX 


SURFACE  ENERGY  MEASUREMENTS  ON  P-38  WINGS  AFTER  CLEANING 

(dynes/cm) 


Port  Wing 

Starboard  Wing 

60 

C.W. 

70 

C.W. 

60 

C.W. 

C.W  .* 

C.W. 

72 

C.W. 

*Complere  Wetting 

Cos}-  Porometers 


The  normal  time  required  to  clean  a  P-3B  wing  by  the  standard  Lcckheed-Californ;a 
procedures  is  approximately  35  manhours.  The  time  required  to  clean  a  wing  with  the 
Cleaner  ill  procedure  was  40  manhours,  and  the  time  required  using  the  Cleaner  V!  pro¬ 
cedure  was  35  manhours.  However,  approximately  5  hours  of  this  time  was  due  to  the 
unfamiliarity  of  the  cleaning  crew  with  the  procedures  and  to  the  mixing  ana'  checking  of 
the  cleaning  and  rinse  solutions.  Each  wing  has  approximately  1200  square  feet  of  area  on 
the  upper  and  lower  surfaces  combined.  Ten  gallons  of  cleaner  were  used  for  each  wing . 

Assuming  a  labor  cost  of  $5. 00/hr,  and  making  allowance  for  the  unfamiliarity  of  the 
cleaning  crew  with  the  experimental  procedures,  the  estimated  cost  per  square  foot  by 
each  cleaning  procedure  is  as  follow's: 

Cleaner  ill: 

35  manhours  x  S5. 00/manhour  +  10  gal  Cleaner  lit  @  510. 00/gal  tn  ™0/r.2 

1200  sq.ft. 


Cleaner  VI: 

30  manhours  x  $5. 00/manhour  +  10  gal  Cleaner  VI  @  $  2.00/gal  _  cn  ...  2 

1200  sq.ft.  -5>U.l4l/.t 


Current  Method: 

35  manhours  x  $5. 00/manhour  +  $25.00  for  Scotchbrite  pods  _  , , ,  ,,.2 

1200  sq.ft.  -  50.1 66/ f.- 

The  above  figures  are  approximations  for  comparison  purposes  only  and  do  net  include  the 
costs  of  the  additional  solvents  and  chemical  solutions.  They  cannot  be  compared  with 
the  cost  figures  for  cleaning  C-130  aircraft  because  extra  steps  involved  in  the  P-3B 
procedures.  Also  the  C-130  surfaces  are  considerably  iarger  and  the  cleaning  cost  per  square 
foot  decreases  as  the  surface  sizes  increase. 
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CLEANED  BY  EXFERiMEN  lAL  PKUCEPURr.S 


P-3  Aircraft  5286 


Results  of  6-Month  Inspection 

Aircraft  5286  was  originally  rcneduled  for  service  in  the  South  Pacific  .  A  few  weeks  after 
it  had  been  painted,  a  change  of  Navy  orders  received  by  Lockheed-Colifomia  called  for 
an  extensive  modification  of  this  oircraft  before  it  was  assigned  to  active  service.  Pending 
modification,  the  aircraft  was  stored  outdoors  under  conditions  which  were  quite  sheltered 
except  for  exposure  to  sunlight.  A  6-month  inspection  revealed  the  accumulation  of  a 
durf  coating  but  no  deterioration  of  the  protective  coating  system. 

Results  of  Final  Inspection 


The  P-3  aircraft  which  was  cleaned  by  the  experimental  procedures  before  painting,  and 
which  is  now  the  property  of  the  Royal  Australian  Air  Force,  was  inspected  at  Edinborough 
Air  Base  at  Elizabeth,  Australia,  on  18  May  1970.  Squadron  Leader  Jack  Roe  arranged 
the  details  of  the  visit  and  inspection.  The  P-3  aircraft  was  originally  cleaned  and  painted 
on  7  August  1968.  It  was  stored  outdoors  at  Lockheed-California  for  almost  a  year  and  was 
sold  to  the  Australian  Air  Force  in  August  of  1969.  Since  then  it  had  been  operating  as  a 
patrol  aircraft  out  of  Edinborough  Air  Base  in  Australia. 

Figure  38  is  an  overall  view  ~r  the  P-3  aircraft  In  Its  hengar  at  Edinborough  Air  Base  in 
Australia .  Figures  38  to  41  are  views  of  the  starboard  side  of  the  aircraft,  while  Figures 
42  and  43  show  the  port  side.  The  appearance  of  the  aircraft  was  that  of  one  which  has 
just  been  painted. 

As  shown  by  the  close-up  views  in  Figures  44  through  48,  all  painted  surfaces  of  the 
aircraft  were  in  excellent  condition.  There  was  good  gloss  and  no  indication  of  blistering 
or  peeling.  The  painted  surface;  were  smooth  to  the  touch,  but  the  beginning  of  surface 
oxidation  was  evidenced  by  the  white  powder  which  came  off  when  a  hand  was  rubbed  on 
the  surface.  There  was  no  detectable  difference  between  the  paint  on  the  fuselage,  the 
port  wing  (Figure  47),  and  the  starboard  wing  (Figure  48).  Each  of  these  surfaces  had  been 
subjected  to  a  different  cleaning  procedure  prior  to  the  application  of  the  paint  system. 

The  fuselage  had  been  hand-scrubbed  with  Scotch  Brite,  and  the  port  and  starboard  wings 
had  been  treated  by  the  experimental  procedures  developed  under  the  Navy  contract.  The 
absence  of  blistering  or  peeling  indicates  that  all  the  cleaning  procedures  provide  adequate 
adhesion  between  the  paint  and  the  metal. 

The  excellent  condition  of  the  painted  surfaces  is  partly  due  to  the  excellent  maintenance 
and  washing  procedures  used  by  the  Australian  Air  Force.  Every  time  the  aircraft  comes 
back  from  a  patrol  mission,  it  is  washed  with  2,000  gallons  of  demineralized  water.  Once 
every  2  weeks  it  5s  washed  with  a  Turco  detergent  and  rinsed  with  demineralized  water. 
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FIGURE  44  UPPER  CENTER  FUSELAGE  OF  P-3  AIRCRAFT  NO.  5286. 
NOTE  COMPLETE  ABSENCE  OF  DEFECTS. 


FIGURE  45  REAR  UPPER  FUSELAGE  OF  P-3  AIRCRAFT  NO.  5286. 
NOTE  HIGH  GLOSS  ON  PAINTED  SURFACES. 
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FIGURE  47  CLOSEUP  VIEW  OF  UPPER  SURFACE  OF  PORT  WING 
ON  P-3  AIRCRAFT  NO.  5286 
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\  -13D  Aircraft  153235 


fewllsg  6tfeofe  Espstia: 

After  ihe  Kccafm^r^  Rocofcg  CKatsnj  »«e  ts«p!«idv  C-133  Accrcit  No. 
1S5655  was  seal  a  fo'aa:  Ak  Seas  si  Oikcuo,  ffcs  occrgfi  -«s  osajire  ss  c  Saaisr  in 
6«  Vtfsiaacflss.  After  cscgox«astefy  6  sscoSns  cs  service,  =«  eircrof?  «cs  feacectd  ot 
Futesa  Air  Base  cn  7  Acs:!  !?29. 


The  pck!d  fuselage  and  toil  surfaces  were  ccserelly  exccsinsd,  and  detailed  cboragrasa s 
weresode  »i»^C  testcraos.  Tbo  ^wtecaja  syjs&srs  ac*rfspcr*d  to  fee  s&nfeered  rest 
cress  of  F^ae  49.  ^ibaras  5D  fesuoch  73  rkw  Ss  cwsreit  ea  rest  rsas.) 

Users  wa  ssa  evidence  ef  bfeinsq  or  peeling  except  ior  c  stcI!  rcriirob!  sses  -css  Ss 
sSsrfcexsd  side  of  fee  caseansge  (Fibres  65  end  71} .  fiese  fee  point  bed  lacked  off  ss  c 
fair  dozen  spots,  exr.  oboe?  ho  square  scenes.  This  ocs  adglrfy  da  to  ssxcsa^c 
sbsssng  of  Cleese  No.  3,  wisefe  is  extrecsely  tsaccioss  cod  cinica!!  to  ascse.  lias 
white  epexy-poiyasnide  point  was  chalking  sJo^jy,  aos  Bens  *a  c  cast  fee  size  s  c 
silver  od 5 lor  on  each  side  cs  the  cet»st  «»fe  Ba  pent  sashed  mol!  coda.  Is  Bs  went 
pert  wbw  sa»o  of  the  rreeikge,  ihe  point  was  cracked  erased  lie  circasrereoce  of  sac*  of 
the  rertener  Seeds  (reuses  56  cod  73).  This  we*  caned  by  fee  rioting  cs  fee  wiao  5a 
fight-  The  eocacy-poJyor'kre  psist  systems  rSd  par  hove  eraser  cicstcity  to  bridge  t he 
Shell  pops.  Tw3  sets  of  four  FfciiJipj-hecd  screws,  one  ca  each  side  of  the  raseScge,  had 
rested  heeds  (Figures  62,  63,  end  72$.  The  ccdasua-pls*  fifes  in  the  recesses  s  she 
beds  hod  apparent?/  seen  drassS  daring  the  snstsUotion  of  tb  sere**. 

The  results  c?  the  inspection  revealed  thot  both  ooeriaeate!  cieamano  pcocerxge*  hod  decs 
eteefn*  in  providing  good  point  cohesion-  AppesadbateSy  99%  of  the  pointed  sassbee* 
were  h  excellent  condition  dt»  6  scoBs  cf  exposure  in  Yisfeca  end  (Shoes. 


Sesoits  of  react  saaectet! 

C*?3GAircrdt  No.  1506S5  wes  given  c  fine!  ■bspectioR  cS  fee  Iferine  Cc??s  Air  Station 
ot  £i  Too.  Ccliibsnio,  cn  Stey  16,  1935,  19  soefes  efter  it  was  rsfinisbed  h  She  rA£ 
f>kds  progress.  The  test  aircraft,,  which  r*co  pointed  on  September  ?3,  39c3,  hod  been 
sScTioced  c?  Okinawa  for  cgpeacSsacteSy  *4  caaafes  end  was  osor-ed  to  £i  Taro  Sftasiae  Ccspc 
Air  Station  daring  the  first  anonfes  cf  1955. 

The  posited  test  sortaces  were  csaehjiSy  exessihed,  and  photegrophs  were  code  using  fee 
oasfcering  syrfesxa  which  wes  used  cs  the  firs?  os«;bi.  The  point  cn  fee  thseSage  ana 
upper  Soil  sudboes  was  in  oir  ccAsitj®,  bst  it  hod  weathered  to  the  point  where  fee  glass 
wos  gaoe  and  ihe  was  cFefking.  fcs  some  crass,  the  pebt  was  beginning  to  iSevesojp 

o  r.itscd  of  Ibe  csKtt. 

TeHe  XXX  saoscrises  fee  notes  applying  to  the  ssudbered  tew  arses  shcaa  5c  rgwre  49. 
Figures  74  through  £5  ere  pfcoscgradbs  of  representative  test  arses. 

The  general  cor^ike  of  the  eoccy - phsaiss  point  systems  an  C-123  osrereft  5SMS5  was 
Fair  to  good.  Only  c  sight  gloss  rera&hed,  and  fee  po-ttf  was  sis^tsy  sough  cm  cblty 
to  fee  touch.  A  wrote  powder  came  off  wass  fee  Head  was  rushed  lightly  over  fee  sabce. 
However,  except  far  fee  steftoad  side  of  fee  dbckxsit  d  the  rear  d  fee  gscaft  and  c 
here  spot  on  fee  forward  port  sine  of  the  feseioge,  fee  point  was  cdhsrbg  *^'1  cad  was 
not  blistering  or  peeling. 
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FIGURE  51  FfcONT  TEST  AREA  ON  STARBOARD  SIDE 


FIGURE  52  REAR  TEST  AREA  ON  STARBOARD  SIDE 
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FIGURE  53  FRONT  TEST  AREA  ON  PORT  SIDE 


1 


FIGURE  54  REAR  TEST  AREA  ON  PORT  SIDE 


FIGURE  55  TOP  FORWARD  SECTION  OF  FUSELAGE 
TEST  AREA  NO.  1  (WHITE  AREAS) 


FIGURE  60  TEST  AREA  NO.  6 


FIGURE  61  TEST  AREA  NO.  7 
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FiGURE  62  TEST  AREA  NO.  8  (NOTE  RUSTY 
PHILLIPS  HEAD  FASTENERS) 


FIGURE  63  TEST  AREA  NO.  9 
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FIGURE  72  ENLARGED  VIEW  OF  RUSTY  PHILLIPS  HEAD  FASTENERS  IN  TEST  AREA  8 


FIGURE  73  DEFECT  IN  PAINT  ON  UNDERSIDE  OF  FUSELAGE.  THIS  WAS  NOT  A 
PORTION  OF  THE  TEST  AREA.  PATTERN  SUGGESTS  THE  BEGINNING 
OF  FILIFORM  CORROSION 
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CONDITION  OF  TEST  AREAS  ON  C-130  AIRCRAFT  150685 


(FINAL  INSPECTION) 


Test  Area  No. 

Observations 

1 

Paint  in  good  condition. 

2 

Bare  spot  cpproxirateiy  12  inches  -vide  and  18  inches 
long  several  feet  in  pront  of  propeller  line. 

3 

Corresponding  area  on  the  starboard  side  of  fuselage  was 
much  rougher  than  other  painted  surfaces. 

4 

Chalky  powder  rubbed  off  on  hands. 

5 

Chalky  powder  rubbed  off  on  hands. 

6 

In  good  condition . 

7 

In  good  condition.  (Walkway  coating  in  center  of 
fuselage,  which  was  not  a  port  of  the  test  area,  is 
beginning  to  come  off  at  demarcation  line  between  the 
two  areas.  This  may  be  due  to  paint  stripper  getting 
under  the  mcsking  tape  at  the  time  the  test  area  was 
stripped  end  painted.) 

8 

In  good  condition.  (Four  cadmiun-coated  steel  fasteners 
in  this  area  were  badly  corroded.) 

9 

In  good  condition . 

10 

Paint  is  just  beginning  to  develop  a  network  of  fine  cracks. 

" 

Paint  is  just  beginning  to  develop  a  network  of  fine  cracks. 

12 

In  good  condition . 

13 

This  area  has  several  rusty  steel  fasteners  with  most  of  the 
original  cadmium  plating  gone. 

14 

Paint  is  in  good  condition,  but  is  just  beginning  to  crack. 

15 

This  was  the  worst  area  on  the  aircraft.  Blistering  in 
many  smoll  spots.  Bare  areas  the  size  of  a  half  dollar. 

Paint  very  thin  on  forward  portion  . 
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Nor  reproducible 


FIGURE  76  TEST  AREA  NO.  8  -  C-130  AIRCRAFT  150685  -  FINAL  INSPECTION 
CLOSEUP  VIEW  OF  RUSTY  STEEL  FASTENERS. 


FIGURE  77  TEST  AREA  NO.  9  -  C-130  AIRCRAFT  150685  -  FINAL  INSPECTION 
PAINT  i:  IN  GOOD  CONDITION. 
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FIGURE  83  DEFECT  IN  PAINT  ON  UNDERSIDE  OF  AIRCRAFT  IS  UNCHANGED  irt 
APPEARANCE  SINCE  LAST  INSPECTION.  (SEE  FIGURE  26.)  THIS 
WAS  NOT  A  PORTION  OF  THE  TEST  AREA  WHICH  WAS  COATED 
WITH  THE  EPOXY'-POIYAMIOE  PAINT  SYSTEM. 


Ill 


The  blistered  area  ontheducktail  had  boon  noted  in  the  First  inspection  and  was  attributed 
to  incomplete  rinsing  of  the  paste  cleaner  used  on  that  side  of  the  circroft  prior  tc  the 
application  of  the  paint.  Ccpfain  'Voitt,  the  Marine  Corps  officer  who  coordinated  the 
final  inspection  of  the  aircraft,  suggested  that  the  bare  area  on  the  port  fuselage  (Figure 
74)  may  have  been  caused  as  sand  and  dust  were  thrown  up  by  the  propellers  when  they 
were  reversed  to  slow  the  aircraft  during  landing  operations. 

The  overall  results  of  the  finai  inspection  indicated  that  thecieaning  procedures  used  on 
the  aircraft  prior  to  painting  were  satisfactory  and  hod  provided  adequate  adhesion 
between  the  paint  system  and  the  subsrrate. 


wm  .  mcrilccmM  oc  dcchitc 

t  111  ^  i  v *  ■%  nwaw  w  *  *• 


All  objectives  of  th-s  program,  (1)  developmen*  jf  o  reliable  method  for  measuring  surface 
cleanliness,  (2 }  evaluation  of  condidote  cleaning  procedures  in  the  laboratory,  (3)  evalu¬ 
ation  of  strippable  coatings,  (4)  application  of  the  tvx>  best  cleaning  methods  to  o  C-130 
end  a  P-3  aircraft  to  establish  cost  parameters  and  determine  performance  under  service 
conditions,  have  been  successfully  accomplished. 


Method  for  Determining  Surface  Cleanliness 

The  Surfascope  surface  energy  kit,  which  measures  surface  cleanliness  on  the  basis  of  drop 
diameters,  proved  to  be  an  accurate,  rapid,  and  reliable  instrument  for  determining 
whether  a  surface  ho;  the  cleanliness  required  for  good  point  odhes»on  .  It  is  of  special 
interest  that,  in  the  course  of  applying  the  two  best  cleaning  procedures  to  the  Navy 
C-130  aircraft,  surface-energy  readings  were  taken  on  vertical  panels  of  the  fuselage  with 
little  difficulty. 

The  results  of  the  adhesion  tests  on  panels  which  were  deliberately  ccntomined  with  stearic 
acid  before  they  were  painted  shewed  that  good  adhesion  was  not  obtained  when  the  surface 
energy  was  less  then  30  dynes/cm.  The  minimum  acceptable  surface  energy  for  each  sub¬ 
strate  must  be  determined  experimentally .  This  value  should  be  ct  least  10  6yr.es/cm 
higher  than  the  critical  surface  energy  below  which  paint  will  not  cdhere.  A  good 
standard  for  chrcsnoted  clad  ofutninom  aircraft  surfaces  is  40  dvnes/cm. 

The  development  of  c  rapid  method  for  measuring  surface  energy  end  the  experimental 
verification  that  any  surface  energy  greater  than  40  dynes/cm  will  give  excellent  point 
adhesion  are  highly  significant.  These  facts  show  that  the  present  water  -break-free 
method  of  checking  far  cleanliness,  which  represents  c  surface  energy  a?  72  dynes/cm,  is 
severe,  in  the  pest,  aircraft  surfaces  which  sbar/ec  water  breaks  during  the  finol  rinse 
were  considered  unacceptable  far  painting  and  were  rec leaned .  The  use  of  the  Surfascope 
end  the  atomizer  spray  test  will  reveal  the  degree  of  cleanliness  end  can  help  redice 
cleaning  costs.  Lockheed  Air  Services  of  Ontario,  Californio,  is  producing  end  distribu¬ 
ting  the  surface  cleanliness  inspection  kits.  The  latest  U.  S.  Navy  Corrosion  Control 
Manual  recommends  the  use  of  the  Surfascope  to  check  aircraft  surfaces  before  they  ere 
pointed. 

* 

Laboratory  Evaluation  of  Cleaning  Procedures 

The  battery  cf  evaluation  tests  demonstrated  tner  Cleaners  II!  and  VI  were  the  most 
effective  of  the  group  which  successfully  passed  the  hydrogen -tmfcrif! foment  screening  test. 
On  the  hosts  of  surface-energy  measurements.  Cleaner  No.  HI  did  o  slightly  better  job  of 
elecnina  then  C leaner  No.  VI,  but  cleaning  efficiencies  of  both  were  very  High.  The 
application  of  the  cleaners  to  the  C-130  and  P-3  clrcraft  revealed  other  differences. 
Cleaner  No.  VI  mixed  readily,  was  easy  to  apply,  end  was  easily  rinsed  off  after  the 
scrubbing  operation.  Cleaner  No.  !{!  was  mere  difficult  to  mix  because  it  wes  in  paste 
form.  It  was  sprayed  on  cs  adherent,  yellow  froth  vrhich  proved  to  be  quite  difficult  to 
rinse  off  after  the  scrubbing  step.  Brush  marks  were  visible  an  pa  infad  surfaces  where  the 
rinsing  was  not  quite  adequate,  end  extra  men  hours  were  used  in  rec  leaning  these  area*. 
Cleaner  HI  will  stain  ikjht-co fared  painted  surfaces,  end  the  mitral  cost  per  on; far,  is  five 
times  that  of  Cleaner  VI.  Cleaner  Vi  should  be  used  or.  all  surfaces  of  the  aircraft  excect 
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t wKIrh  nr*  heavily  —  ilod,  iach  os  ihs  flap  y?ells  “*Ks?l  "*jj*  .  VH“  use  cf 
Cleaner  HI  might  be  justified  in  these  areas  because  of  its  clccnlr,g  abilities  and  adherent 

EvoiuoHon  of  St. ippable  Coating s 

The  laboratory  tests  demonstrates  the  effectiveness  of  the  strippoble  coatings  in  protecting 
freshly  cleaned  surfaces  from  contamination  during  fabrication  operations.  Coating  No. 

1 1  was  the  best  alkaline-removable  material,  and  Coating  No.  14  was  the  best  of  the 
hand-peelchie  coatings.  Both  cootsogs  were  further  evaluated  in  the  production  of  P-3 
fuselage  pcnels.  Hcnd-strippable  Coating  No.  s4  provided  good  protection  for  the  panels 
during  chemicoi  cleaning  end  during  drilling,  cc  iters  inking,  and  riveting  operations. 
Chemically  strippable  Coating  No.  \  s  provided  good  protection  for  the  panels  during  the 
drilling,  countersinking,  end  riveting  steps. 

Cost  Parameters 

The  cost  parameter  study  of  the  use  of  the  fw ojsesf  experimental  cleaning  procedures  on 
the  C-130  aircraft  showed  c  cost  of  30.09s/?t£  for  C learner  No.  Hi  as  compared  with 
$0,059,^2  for  Cleaner  No.  V! . 

The  costs  of  cleaning  the  P-3  aircraft  were  greeter  because  of  the  smaller  surfaces  end  the 
extra  steps  in  the  P-3  cleaning  procedures.  The  cost  of  surface  preparation  was  SO . 229/Ft 2 
with  Cleaner  No.  Ill  raid  SG-l4l/ft2  fc-r  Cleaner  No.  Vf,  while  the  current  method, 

■*h«ch  requires  the  use  cf  Scofchbrlte  pods,  was  SQ.  •  66/^2 _ 


Resuits  of  Field  Inspections 

After  the  initial  inspection  of  C-13G  Aircraft  I-S36S3  was  ccrcpJeted,  c  conference  was 
held  with  Mopr  John  ‘Fosters,  the  Head  Maintencce  Officer,  end  with  Mr.  Ed  Pratt,  the 
Lockheed  Field  Service  Representative  on  Okinawa .  Major  Westers  was  concerned  with 
the  corrosion  end  pi? ring  on  the  unpointed  crecs  of  aircraft  stationed  ct  Okinawa  end 
opera  flag  hi  Viefeicrr.  Hv  so<d  that  frequently  the  wind  would  blow  at  a  velocity  of  25  to 
30  miles  cn  hour  for  !0  days  at  c  time,  impinging  salt  spray  end  grit  on  the  aircraft  at 
high  velocities.  Even  the  cSum;num-c led  surfaces  pit  c:sd  corrode  or.ee  the  original 
smooth  surface  has  beer,  broken .  He  emphasised  the  need  for  100%  painting  cf  the  air¬ 
craft  instead  of  pointing  only  selected  crecs.  He  also  mentioned  the  conasicn  which 
occurred  because  salt  5??ay  entered  the  crevices  between  adjacent  skin  pcnels.  end  he 
asked!  if  it  would  be  possible  to  seel  these  crevices.  The  ideal  raaterw!  for  this  would  be 
the  bfcr&!‘lve  seaksst  P1U422G,  which  is  used  by  Lochfreed  rn  production  ciracH.  It 
should  be  -possible  tc-  run  c  thin  bead  of  this  material  bto  each  crevice  sssd  to  vripe  off  the 
excess  sc-  that  the  sealed  joint  H  flush  ~-?h  :be  surface  of  the  f^e'^s  end  wing  panels - 

The  overall  results  of  the  6-ssafe  bssctbn  of  C-130  Aircraft  i5)585  indicate  that  both 
experimental  cleaning  procedures  «ere  effective  end  tfaot  good  point  adhesion  was 
obtained.  The  lass  inspection  of  this  aircraft,  mode  H  May  cf  19713,  revealed  the*  tfe 
paint  system  »;.-s  gradually  cfotaijseafSng  but,  or-fh  tbs  excepts on  of  one  tocol  eras,  the 
point  was  adhering  well  end  isos  act  blistering  or  peeing. 


The  fmjj  infection  of  the  9-2  al?cn 
condition .  Ttiere  scs  no  intertable 


sft  revtcled  that  cl!  surfaces  were  r.  excellent 
oiSerscp  in  the  condition  cf  the  pent  cn  the  three 


nxjior  test  areal,  each  of  wiicH  Hod  been  cleaned  by  c  different  Thi  «£•;»»  ot 

♦he  ^eld  inspections  ind-core  that  oil  the  experimental  cleansnq  procedures  used  cm  the 
and  ?*3  a * rc P? ft  provide  ode^ucte  adhesion  1  *"  the  point  end  the  ■■  *  - 

substrate. 


!X  -  CONCLUSIONS 


1 .  The  drop-diameter  method  is  c  reliable  and  accurate  procedure  for  determining  the 
degree  of  cleanliness  of  aircraft  surfaces. 

2.  The  Navy  epoxy-polyamide  paint  system  adheres  well  to  chromated  aluminum  surfaces 
which  have  a  surface  energy  greater  than  40  dynes/crn. 

3.  The  water-break  test,  which  represents  a  surface  energy  of  72.4  dynes/cm,  is  severe 
and  frequently  results  in  overcieaning  of  aircraft  surfaces  prior  to  painting* 

4.  On  the  basis  of  the  laboratory  evaluation  tests.  Cleaners  III  and  VI  gave  the  best 
combination  of  ease  of  application,  high  surface  energy,  and  acceptable  paint 
adhesion . 

5.  Hand-strippable  coating  No.  14  will  provide  good  protection  for  aluminum  ponels 
during  chemical  cleaning  and  during  drilling,  countersinking,  and  riveting  operations. 

6.  Chemically  strippable  coating  No.  11  will  provide  good  protection  for  aluminum 
panels  during  drilling,  countersinking,  and  riveting  operations. 

7.  The  results  of  the  field  inspections  of  C-130  Aircraft  150685  and  P-3  Aircraft  5286 
indicate  that  both  of  the  experimental  cleaning  procedures  which  were  used  prior  to 
the  application  of  the  Navy  epoxy-polyamide  paint  system  (utilizing  Cleaners  Ul  and 
VI)  were  effective  in  providing  good  adhesion  for  the  coating . 

8.  Aircraft  which  are  scheduled  for  South  Pacific  service  should  be  given  100%  paint 
coverage . 

9.  Crevices  between  adjacent  wing  and  fuselage  panels  should  be  sealed  to  prevent 
faying-surface  corrosion . 


117 


Preceding  page  blank 


X  -  RECOMMENDATIONS 


The  results  of  this  program  have  demonstrated.-  through  both  laboratory  end  field  service 
tests,  that  the  cleaning  procedures  using  Cleoner  No.  VI  are  simple,  economical,  ond 
provide  the  high  surface  energy  necessary  for  good  paint  adhesion .  it  is  recommended  thet 
these  procedures  be  used  in  the  surface  treatment  of  cl  I  Navy  aircraft  prior  to  painting. 

The  water-break-free  test  currently  used  as  a  standard  of  surface  cleanliness  is  severe  and 
frequently  results  In  unnecessary  cleaning  operations.  It  is  recommended  that  the  surface- 
cleanliness  measurement  technique;  developed  in  this  program  be  used  os  standard 
inspection  procedures  at  all  aircraft  painting  facilities. 

Despite  the  good  cdherence  provided  by  the  surface  treatments  prior  to  pointing,  the 
epoxy-polyamide  paint  system  on  C-130  150685  is  beginning  to  deteriorate  efter  approxi¬ 
mately  18  months  of  South  Pacific  service.  The  chalking  ana  cracking  are  caused  by 
ultraviolet  degradation  and  embrittling  of  the  paint  film.  It  is  recommended  that  c 
program  be  initiated  to  develop  a  paint  system  which  will  resist  photo-degrodation  for  at 
least  3  years. 
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APPENDIX  B 

OPERATING  PROCEDURE  FOR  SCRATCHMASTER  PAINT  ADHESION  TESTER 


Lock  the  balance  arm  into  the  level  position .  The  reading  of  the.  Ames  gage  on  the 
right  side  of  the  machine  is  taken  os  the  zero  point  with  the  platform  set  or  the 
I  -centimeter  mark , 

Place  the  panel  io  be  tesisd  Joe  platform  with  one  edge  squarely  cgainst  the  riser. 
Moderately  tighten  the  krtufl-ed  clamp  adjustment  knob.  Avoid  excessive  pressure, 
which  wilf  buckle  the  panel. 

Lower  the  balance  arm  so  that  the  blcde  rests  on  the  surface  o?  the  panel ,  Through 
the  use  of  the  clomp  adjustment  on  the  blade  holder,  level  the  balance  orm  so  the 
reoding  of  the  Ames  gage  agrees  with  the  zero  point  previously  determined .  Lock  the 
blade  holder  with  the  setscrew  on  the  left  side.  It  is  necessary  to  zero  the  balance 
arm  only  once  for  each  panel .  Subsequent  scratches  con  be  made  with  good  repro¬ 
ducibility  by  approximating  o  standard  tension  on  the  panei  with  the  clomp  od justrr.ent . 
This  saves  much  time,  since  the  platform  need  not  be  run  bock  to  the  1-centimerer 
mcrk  for  adjustment  before  rr. eking  each  new  scratch. 

The  reading  for  each  panel  is  the  overage  of  three  scratches  which  do  not  differ  in 
length  by  more  than  1 .0  centimeter.  The  scratch  length  used  to  calculate  the  end¬ 
point  load  in  kilograms  is  the  difference  between  the  measured  length  of  the  cut  on 
the  panel  and  the  total  blade  travel  of  14  centimeters. 

The  load  on  the  cutting  knife  at  the  end  point  is  calculated  by  using  the  following 
formula: 

L  =  KWD 


L  =  loed  at  end  point 

K  =  calibration  constant  (0.067  for  this  instrument) 

D  =  difference  between  measured  scratch  length  and  14  centimeters 
W  =  total  weight  of  carriage . 


